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Bafckcfeottnd..of toe Igren tian 
This invention was Bade witn Government support 
S awarded by the national institute of Health- The 
government has certain rights in the invention, !This 
invention relates to methods- for isolating novel 
proteins. This invention also relates to cancer 
diagnostics and therapeutics® * 

10 In most eukaryotic cells , the cell cycle is 

governed by controls exerted during Si and GZ: Daring 
Q2, cells decide whether to enter M in response to 
relatively nncharacterized intracellular signals, such as 
those that indicate completion, of m& synthesis (teas, 

15 Mature 3445S03-508, 1990; Enoch and Narae, cell 65;921~ 
923, 1991) <• Daring Gl, cells either enter S or withdraw 
trm the cell cycle and enter a nondividtnc state known 
as SO (Pardee, Science 246; 603-608, 1989), While th® 
control mechanisms for these decisions are not yet well 

20 understood, their function is clearly central to 
processes of normal mataxoa development and to 
carcinogenesis. 

In yeast, and probably in all enkaryotes, the Gl/S 
and 62 /M transitions depend on a family of -3 4 Jed protein 

as kinases, the Cde2 proteins, encoded by the cdo2 + (in $, 
pomb*) and CDC28 (in s* ce.r@vxs.tae) genes, Cdo2 family 
proteins from jaasaaaXian cells have been also identified. 
Same inching Cde2 (Lee and Kurse, Nature 327:31-33, 
198?), CdhS (Ell edge and Spotswood, EKBG 3\ 10s 26S3-26S3 , 

3D 1991; Tsai et aX,, Nature 353:174-177, 1991), and Cd3c3 
(Meyerson et al., 8J5BO J * 11; 2909-2917 , 1992} can 
corspleBent a edc28~ S. cerevisiae for growth, 

The activity of the Cdc2 proteins at the G2/M 
transition point is regulated in two ways: positively, by 

35 association with regulatory proteins called cyclins, and 
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negatively, by phosphorylation of a tyrosine near their 
ATF binding site. At least one of those regulatory 
mechanisms is operative during 61 (see Figure 1A) . At 
this time,, Cdc2 protein activity is regulated by 
5 f acultative association with different' 61 specific 
cyciins. In 5, cerwisiae at least five putative Si 
cyciins have been identified in genetic screens, 
inciting the products of the cmi, cms, CXX3, BSCS 6 and 
CLB5 genes {Cross, Hoi. Cell, Biol 8? 4675-4684, IBM? 

10 Mash at al,, EKBO J. ?;4335~4346, 1988? Hadwigor at al. , 
Prop. Mat, &cad. 8ei. tJSA 86$ 6255-625$, 1989; and Ogas et 
al., Cell 66S1Q15-1G26, 1991). The CLW1, CL®2, aM GXMZ 
proteins {here called cinl, CX»2, and Cln3) are each 
individually sufficient to permit a cell to -make the <51 

IS to s transition (Richardson et al., Cell §9 f 1127 -U3 3 , 
1989} * ana at least one of ttum (Clns) associates with 
Cdc2S in a complex that is active as a protein Jcinase 
(Wittenberg et al,, Cell 62s 225-237, 1990). Recently, 
putative 61 cyciins have been identified in masasalian 

20 cells; cyclin C, Cyclin t> (three forms) , m& Cyclin & 

(Koff et al,, Cell 66: 1217-1228, 1991? Xiong et al., Cell 
mt 691-699, 1991). Each of these three taasaaalian cyciins 
complement a yeast deficient in Clnl, eln2 f and Cln3 f and 
each is expressed during -SI. 

2,3 In 5. cerevlsiae, the synthesis, and in sosse 

cases, the activity of the 61 cyciins is under the 
control of a network of genes that help to couple changes 
in the extracellular environment to 61 regulatory 
decisions (Figure 1A) . For example, the mi4 and mi€ 

30 gene products positively regulate CLNl and cm 2 
transcription and rmy also positively modulate the 
activity of Cln3 (Nasmyth and Oirick, Cell 66:995-1013, 
1991} , the Fmi product negatively regulates both CXM-2 
transcription and the activity of its product (Chang and 

35 EerskowitE, Cell 63s 999-1011, 1990} , and the FOS3 product 
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negatively regulates Cin.3 activity (Slion et al,, Cell 
60:649-664, 1990) . 

Several lines of evidence suggest that mammalian 
Gi to s transitions may be regulated by similar 
S mechanisms j regulatory molecules (Cdc2 kinases and 

cyclins). similar to those found in yeast are observed in 
mammalian Gl, and like s. cerevxsiae f mammalian ceils 
arrest in Gi when deprived of nutrients and in response 
to certain negative regulatory signals, including contact 

10 with other cells or treatment with negative growth 
factors (e.g., 1*3F-£) {Figure IB) « However,, several 
considerations suggest that the higher eukaryotic Gl 
regulatory machinery is likely to be more sophisticated 
than that Of yeast, first, in mammalian cells there 

15 appear to be taore proteins involved in the process. At 
least ten different Cdc2 family proteins and related 
protein kinases (see Meyerson et a!., 8KBQ 3\ 11 .% 2909™ 
2917, 199:2) and at least three distinct classes of 
putative Gl cyclins (Koff et al», Cell 66 ;12 17-1228, 

20 1991; Hatsushime et al.. Cell 65$?0X~?13, 1991? Kotokura 
et al., Mature 339 $512-518, 1991? Xiopg et al., Ceil 
6St69i~699, 1991} feava been identified, second, unlike 
yeast, the proliferation of most mammalian ceils depends 
on extracellular protein factors (in particular, positive 

25 growth regulatory proteins) , deprivation of which leads 
to arrest in <si. Third, arrest of many cell types during 
GI can progress to a state, GO, that may not strictly 
parallel any phase of the yeast cell cycle. 

Because proteins involved in controlling normal 

30 cell division decisions in mammals {e.g, , humans) are 
also very likely to play a key role in malignant cell 
growth, identification and isolation of such proteins 
facilitate the development of useful cancer diagnostics 
as well as anti-cancer therapeutics. He now describe (i) 

35 a novel system for the identification of proteins which, 
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at some time during their existence, participate in a 
particular protein-protein interaction; (11) the use of 
this system to identify interacting proteins which are 
key regulators of maasaalian ceil division; and (ill) one 
5 such interacting protein,- termed CaiX, a cell cycle 
control protein which provides a useful tool for cancer 
diagnosis and treatment * 

Sawraarv of the invention 
In general,, the invention features a method for 

10 determining whether a first protein is capable of 
physically interacting (i»e, f directly or indirectly) 
with a second protein. The method involves $ (a) 
providing a host cell which contains (i) a reporter gene 
operably linked to a protein binding site? (ii) a. first 

15 fusion gene which expresses a first fusion protein, the 
first fusion protein including the first protein 
coyalently bonded to a binding moiety which is capable of 
specifically binding to the protein binding site; and 
(iii) a second fusion gene which expresses a second 

20 fusion protein, the second fusion protein including the 
second protein covalently bonded to a weak gene 
activating moiety; and (b) measuring expression of the 
reporter gene as a measure of an interaction between the 
first and the second proteins. In a preferred 

25 embodiment, the method further involves isolating the 
gene encoding the second protein, 

in other preferred embodiments, the weak gene 
activating moiety is of lesser activation potential than 
GAL4 activation region II and preferably is the gene 

30 activating moiety of B42 or a gene activating moiety of 
lesser activation potential; the host cell is a yeast 
cell; the reporter gene includes the LEUS gene or the 
lucZ gene? the host cell further contains a second 
reporter gene operably linked to the protein binding 

35 site, for example, the host cell includes both a 
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reporter gene and a lacZ reporter gene; the protein 
tiinfttag site is a Lex& binding site and the binding 
sioiety includes a LexA DMA binding domain; the second 
protein is a protein involved in the control of 
s eujfcaryotic cell division, for example, a Cdc2 cell 
division control protein* 

in a second aspect* the invention features a 
substantially pure preparation of Cdix polypeptide. 
Preferably, the cdil polypeptide includes an amino acid 

10 sequence substantially identical to the amino acid 

sequence shown in Figure £ {SEQ ID 80s 1} ? and is derived 
from a mam&al , for example, a human. 

In a related aspect, the invention features 
purified DKA (for example, cm&) -which includes a 

15 sequence encoding a Cdil polypeptide, and preferably a 
human cdil polypeptide, of the invention. 

In other related aspects, the invention features a 
vector end a cell which includes a purified OKA of the 
invention; a purified antibody which specifically binds a 

20 Cdil polypeptide of the invention; and a method of 
producing a recombinant Cdil polypeptide invloving, 
providing a cell transformed with DMA encoding a Cdil 
polypeptide positioned for expression in the cell; 
cuituring the transformed cell under conditions for 

25 expressing the DMA; and isolating the recombinant Cdil 
polypeptide. The invention further features recombinant 
Cdil polypeptide produced by such expression of a 
purified mk of the invention. 

In yet another aspect, the invention features a 

3D therapeutic composition which includes as an active 
ingredient a Cdil polypeptide of the invention, the 
active ingredient being formulated in a physiologically- 
acceptable carrier. Such a therapeutic composition is 
useful in a method of inhibiting cell proliferation in a 

35 maxm&l , involving administering the therapeutic 
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cowposifeioft to the mammal i» & :<S©sage effective to 
inhibit mammalia?" cell division. 

In a final aspect , the invention features a method 
of detecting a malignant cell in a biological sample, 
5 involving measuring CdiX gene expression in the sample, a 
change in Cdii expression relative to a wild-type sample 
being indicative of the presence of the malignant ceil, 

As used herein, by * reporter gone 8 * is meant, a gene 
whose expression may foe assayed; Bach genes include, 

10 without limitation, lacf f amino acid biosynthatie genes, 
e.g. the yeast 13S02, S1B3 , litS2 , or genes, nucleic 

acid biosynthetie genes, the mammalian chloramphenicol 
transaeetylase (CAT) gene, or any surface antigen gene 
for which specific antibodies .are available, 

IS By "operably linked" is meant that a gene and a 

regulatory sequence (s) are connected in such a way as to 
permit gene egression when tbe appropriate «ol«cul*s 
(e,g, f transcriptional activator proteins or proteins 
which include transcriptional activation domains) are 

20 bound to the regulatory sequence (s) . 

By a » binding moiety" is meant a stretch of amino 
acids which is capable of directing specific polypeptide 
binding to a particular DMA sequence (i.e., a "protein 
binding site") , 

25 By *>*reak gene activating moiety" is meant a 

stretch of amino acids which is capable of weakly 
inducing the expression of a gene to whose control region 
it is bound. As used herein, * weakly* is meant below the 
level of activation effected by &&L4 activation region II 

3 0 {Ma and Ptashne, Ceil 48? 847, l»«T) and is preferably at 
or below the level of activation effected by the B42 
activation domain of Ma and Ptashne (Cell 51; 113,, 1987). 
Levels of activation say be measured using any downstream 
reporter gene system and comparing, in parallel assays, 

35 the level of expression stimulated by the GAL4 region XX- 
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pa] peptide with the .level of expression stimulated by 
the polypeptide to fee tested. 

By "substantially pure" is meant a preparation 
which is at least 60% my weight (dry weight) the compound 
5 of interest, e.g., a cdix polypeptide. Preferably tlie 
preparation is at least 7S%, more preferably at least 
90%, and most preferably at least $9% f by weight the 
compound of interest. Purity can be measured by any 
appropriate method, e.g. , column chromatography, 

10 polyacryiamide gel electrophoresis , or HPLC analysis. 

By "purified D$fA s * is meant m;k that is not 
immediately contiguous with, both of the coding sequences 
with which it is immediately contiguous (one on the 5* 
end and one on the 3' end) in .the naturally occurring 

15 genome of the organism from mim it is derived. The 
term therefore includes,, for example, a recombinant 
which is incorporated into a vectors into an &utonomoueXy 
replicating plasssdd or virus; or into the genomic DH& of 
a pro&aryote or eukaryote, or which exists as a separate 

20 mcXeeule (e.g.,- a amk or a genomic mk f.ragment produced 
by PCR or restriction e v v i ^ < n 

of other sequences.. It also includes a recombinant DNA 
which is part of a hybrid gene encoding additional 
polypeptide sequence, 

25 By "substantially identical* is meant an amino 

acid sequence which differs only by conservative amino 
acid substitutions, for example, substitution of one 
amino acid for another of the same class (e.g., valine 
for glycine, arginine for lysine, etc,} or by one or more 

30 non-conservative substitutions, deletions, or insertions 
located at positions of the amino acid sequence which do 
not destroy the function of the protein (assayed, e.g., 
as described herein) , k ^substantially identical" 
nucleic acid sequence codes for a substantially identical 

35 amino acid sequence as defined above. 



By « transf ormed cell** is meant a cell into which 
(or into an ancestor of which} has baen introduced, by 
means of recombinant »HA techniques, a DMA molecule 
encoding (as used herein) a Cdil polypeptide. 
S By "positioned for expression" is meant that the 

BHA molecule is positioned adjacent to a mh sequence 
which directs transcription and translation of the 
sequence facilitates the production of , e.g., a 

call polypeptide} . 

10 By "purified antibody" is meant antibody which is 

at least 60%, by weight, free from the proteins and 
naturally-occurring organic molecules with which it is 
naturally associated. Preferably, the preparation is at 
least 75% , more preferably at. least 90% , and most 

IS preferably at least by weight, antibody, e.g., Cdil- 

specific antibody, a purified Cdil antibody may be 
obtained, for example, toy affinity chromatography using 
recombinantly-produced Cdil polypeptide and standard 
techniques, 

20 By "specifically binds" is meant an antibody which 

recognises and hinds Cdil polypeptide but which does not 
substantially recognise and hind other molecules in a 
sample, e.g., a biological sample, which naturally 
includes Cdil polypeptide. 

25 By a "malignant cell" is meant a cell which has 

been released from normal cell division control, 
included in this definition are transformed and 
immorta li sed cells . 

The interaction trap system described herein 
30 provides advantages over more conventional methods for 
isolating Interacting proteins or genes encoding 
interacting proteins. Most notably, applicants' system 
provides a rapid and inexpensive method having very- 
general utility for identifying ano purifying genes 
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encoding a vide range of useful proteins based on the 
protein's physical interaction with a polypeptide of 
known diagnostic or therapeutic usefulness, Thi& general 
utility derives in. part from the fact that the opponents 
5 of the system can he readily modified to facilitate 
detection of protein interactions of widely varying 
affinity (e.g., toy using reporter genes which differ 
quantitatively in their sensitivity to a protein 
interaction} . The iadncible nature of the promoter used 

10 to express the interacting proteins also increases the 
scope of candidate int erectors which say he detected 
since even proteins whose chronic expression is toxic to 
the host cell may toe isolated simply toy inducing a short 
burst of the protein's expression and testing for its 

is ability to interact and stimulate expression of a 0~ 
galactosidase reporter gene. 

Moreover, detection of interacting proteins 
through the use of a weak gene activation domain tag 
avoids the restrictions on the pool of available 

20 candidate interacting proteins which is 

characteristically associated with stronger activation 
domains {such as GAL4 or Wli) ; although the mechanism is 
unclear, such a restriction apparently results from low 
to moderate levels of host ceil toxicity mediated toy the 

25 strong activation domain. 

Other features and advantages of the invention 
will toe apparent from the following detailed description 
thereof, and from the claims* 

Bri^f^^s^rlptlgn of the jpoafcaga 

30 The drawings are first briefly described, 

FiaxSRS 1 illustrates cell cycle control systems, 
FXGURB 1(A) illustrates Si control in yeast, FIGURE IB 
illustrates cell cycle control in yeast and aamnals* 
tK8MB 2 &~C illustrates an interaction trap 

35 system according to the invention. 
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FIGURE 3A is a diagra^atie representation of a 
»)»ait* protein useful in the invention; the numbers 
represent amino acids, Fl&m 38 is a diagrammatic 
representation of reporter genes useful in the invention. 
5 FIGURE 3C is a aiagraaamatic representation of a library 
expression plasmio: useful in the invention and the N~ 
terssinal amino acid feeqtasnce of an exemplary «prey® 
protein according to the invention. 

FIGURE 4 depicts yeast assays demonstrating the 
10 specificity of the Cd.i1/Co:c2 interaction. 

FIGURE 5 shows the results of an 
imnmnoprccipi ta tiors experiment demonstrating that Cdil 
physically interacts with CdcS. 

FIGURE 6 shows the Cdil coding sequence together 
.15 with the predicted amino~aei& sequence of its open 
reading frame (SEQ ID BQtl), 

In F&StJRE 7A, the growth rates of yeast cells that 
express Cdil are depicted? open squares are cells 
transformed with expression vectors only; ovals are cells- 
20 expressing Cdc2; triangles are cells expressing Cdil; and 
filled squares are cells expressing Cdil and Cdo3, In 
FIGURE 7B is shown a budding index of yeast that express 
Cdil. In FIGURE 7C is shown a FaCS analysis of yeast 
that express cdil; fluorescence (on the sc-axis) is shown 
25 as a function of cell nuafeer (on the Y-axis) . 

FIGURE BA shows the morphology of control cells? 
FIGURE 8B shows the morphology of control cells stained 
with mm; FIGURE 8G shows the morphology of cells 
expressing Cdil; and FIGURE 8D shows the morphology of 
30 cells expressing Cdil stained with DAPI. 

FIGURE SA indicates the timing of Cdil expression 
in Mela cells; lanes represent different tis.epoints; (1) 
Oh, (2) 3h, (3) 6h, (4) m, {§} 12h f {6} I5&, (?) 18h, 
(8) 21h, (9) 24h ? and {10} 2?h after release. FIGURE SB 
35 shows the effect of Cdil over express ion. 
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FIGURE 10 shows an alignment of Cdc2 proteins and 
FDS3 , Depicted is an alignment of the sequence® of the 
bait proteins used herein. Amino acids are numbered as 
in human Cdo2» Abbreviations are as follows; HsCde£, 
5 human Cdc2; KsCdk2, human Cdk2,* ScCac£8 f 5. carevxsiae 
Cde28; D»CdC2 and 0MCd«2c, f tfc* two Drosophila Odc2 
isolates? and ScFusS, S. cerevisiae F0S3. Residues shown 
In boldface are conserved between the Cdc2 family 
members? residues present; in Fus3 are also shown in bold, 
10 Asterisks indicate potential ca.il contact points, i«*u, 
amino acids that -are conserved among fcuisan CdcS, Cdk2, $* 
cerevisiae C4e2S, and Drosophila Cdc2, but that differ in 
Drosophila Cdc2c and in Fus3. 

There now follows a description of one example of 
1.5 an interaction trap system and its use for isolating a 
particular cell division protein. This example, is 
designed to illustrate, not limit, the invention. 

Applicants have developed an in yiyo. interaction 
ad. trap system for the isolation of genes encoding proteins 
which physically interact with a second protein of known 
diagnostic or therapeutic utility. The system involves a 
eu&aryotic host strain (e.g.., a yeast strain) which is 
engineered to express the protein of therapeutic or 
25. diagnostic interest as a fusion protein covalently bonded 
to a known DH& binding domain? this protein is referred 
to as a "bait* protein because its purpose in the system 
is to "catch" useful, but as yet unknown or 
uncharactsrised, interacting polypeptides (termed the 
30 »pray«; see below)- The euKaryotic host strain also 

contains one or more "reporter genes", i.e., genes whose 
transcription is detected in response to a bait-prey 
interaction. Bait proteins, via their DMA binding 
domain, bind to their specific Dm site upstream of a 
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reporter g©»»* reporter transcription is not stijsnlated, 
however, because the bait protein lacks its own 
activation domain. 

To isolate genes encoding novel interacting 
.5 proteins, cells of this strain (containing a reporter 
gene and expressing a bait protein) are transformed with 
individual members of a mm (eg,, a cDHA) expression 
library; each member of the library directs the synthesis 
of a candidate interacting protein fused to a weak ana 

10 invariant gene activation domain tag. Those library- 
encoded proteins that physically interact with the 
prossotar-bound bait protein' are referred to as "prey" 
proteins. Such bound prey proteins (via their activation 
domain tag) detestably activate tfee transcription of the 

IS downstream reporter gene ana provide a ready assay for 
identifying particular cells which harbor a Dm &ltm& 
encoding an interacting protein of interest. 

one example of such an interaction trap system is 
shown in Figure 2. Figure 2h shows a yeast strain 

20 containing two reporter genes, X>&3cMsp~LM!2 and L®xAop~ 
l&cz, and a const i tut ively expressed bait protein* Lex&~ 
Cdc2. synthesis of prey proteins is induced by growing 
the yeast in the presence of galactose. Figure 2B shows 
that if the prey protein does not interact with the 

25 transcriptionaily-inert iexA-fusion bait protein, the 
reporter genes are not transcribed? the cell cannot grow 
into a colony on leu" medium, and it is white on Xgal 
aediusa because it contains no £~galaetosidase activity. 
Figure 2C shows that, it the prey protein interacts with 

30 the bait, then both reporter genes are active; the cell 
forms a colony on ieu" medium, and cells in that colony 
have £~galactosidase activity and are blue on Xgal 
medium. 

As described herein, in developing the interaction 
35 trap system shown diagraMssaticaily in Figure 2, careful 
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attention was paid to thre* classes of components s (i) 
%xm of bait proteins that contained a site-specific 
binding domain that was known to be transcriptionally 
inert; (ii) use of reporter genes that had essentially so 
5 basal transcription and that were bound by the bait 

protein? and (ill) use of library-encoded prey proteins, 
all of which were expressed as chimeras whose amino 
termini contained the same weak activation domain and, 
preferably, other useful moieties, such as nuclear 

10 localization signals. 

Each component of the system is now described in 
ssore detail, 
BS^„£TOtMBS 

The selection host strain depicted in Figure 2 

15 contains a Gdc2 halt and a. BHA binding moiety derived 

from the bacterial I»ex& protein (see Figure 3&) . Vhm use 
of a Lexfc Wh binding domain provides certain advantages* 
For example, in yeast, the Lex*, moiety contains no 
activation function and has no knows effect on 

20 transcription of yeast genes (Brent and Ptashne, Mature 
312;SX£~61S, 1984? Brent and Ftashne, Cell 43:729-736, 
1985) . in addition,, use of the LexA rather than the SAL4 
DMA-binding domain allows conditional expression of prey 
proteins in response to galactose induction? this 

2 5 facilitates defection of prey proteins which might be 
toscic to the host cell if expressed continuously, 
Finally, the use of Lesefc. allows knowledge regarding the 
interaction between Lem and the LexA binding site 
the LexA operator) to be exploited for the purpose of 

30 optimising operator occupancy* 

The bait protein illustrated in Figure 3& also 
includes a LexA dimerization domain? this optional domain 
facilitates efficient LexA aimer formation. Because LexA 
binas its DMA binding site as a dimer, inclusion of this 

35 domain in the bait protein also optimises the efficiency 
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of operator occupancy (Golemis and Brest, Mel.. Cell Biol. 
12 J 3006-3014, 19&2). 

&eat& represents a preferred MA binding domain in 
the invention, Howev*r> any other transcriptionally- 
S inert or essentially transeriptionally-inert DNA binding 
domain Bay foe used in the interaction trap system? such 
mh binding domains are well known and include the DK& 
binding portions of the proteins ACEl (CW1) , lambda el, 
lac repressor, jun fos f or GCW4. For the above -described 
10 reasons, the GMA IMh binding domain represents a 

slightly less preferred DMA binding moiety for the bait 
proteins , 

Bait proteins may be chosen from any protein of 
Jsnown or suspected diagnostic , or therapeutic importance . 

IS Preferred bait protein:.: include oncoproteins (such as 
myc, particularly the C -terminus of myc, ras, src, fos, 
and 'particularly the oligomer ic interaction domains of 
fos) or any other proteins involved in cell cycle 
regulation (such as kinases, phosphatases, the 

20 cytoplasmic portions of membrane-associated receptors, 
and other Cdc2 family members) , In each case, the 
protein of diagnostic or therapeutic importance would be 
fused to a Known DMA binding domain as generally 
described for LexA-Cdc2« 

25 lejgorters 

As shown in Figure 3B, one preferred host strain 
according to the invention contains two different 
reporter genes, the LEUZ gene and the la.cZ gene, each 
carrying an upstream binding site for the bait protein. 

30 The reporter genes depicted in Figure SB each include,, as 
an upstream binding site, one or more LexA operators in 
place of their native Upstream Activation Sequences 
(UASs) . These reporter genes may be integrated into the 
chromosome or may be carried on autonomously replicating 

35 plasmids (e,f., yeast a» plasmids) . 
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A combination of two such reporters is preferred, 
in the invention for a ntnsfeer of reasons, First, the 
L&x&op~L%02 const ruction allows cells that contain 
interacting proteins to select themselves fey growth on 
5 medium that lacks leucine, facilitating the examination 
of large numbers of potential interactor protein™ 
containing cells , Second, the hexfa>p-laaZ reporter 
allows LHO* ceils to be quickly screened to confirm an 
interaction* &n<5, third, among other technical 

10 considerations (see below},, the L&x£op~LEU2 reporter 
provides an extremely sensitive first selection, while 
the Lexiksp-iac^ reporter allows d s on between 

proteins of different interaction affinities* 

Although the reporter genes described herein 

IS represent a preferred embodiment of the invention, other 
equivalent genes whose expression may fee detected or 
assayed by standard techniques may also be employed in 
conjunction with, or instead of, the £<i?02 and l&cZ genes. 
Examples of other useful genes whose transcription can be 

20 detected include amino acid and nucleic acid feiosynthatio 
genes (such as yeast HXSS, S3W3-, and MS2j a&LX, coil 
gaM (which complements the yeast GM>1 gene) , and the 
higher ceil reporter genes CAT, SOS, and any gen© 
encoding a cell surface antigen for which antibodies are 

25 available (e.g., CD4) . 
teSUBSStglss 

In the selection described herein, a fourth m& 
construction was utilized which encoded a series of 
candidate interacting proteins f each fused to a weak 

3 0 activation domain (i.e., prey proteins}. One such prey 
protein construct is shown, in figure 3C? this plasmid 
encodes a prey fusion protein which includes an invariant 
^-terminal moiety. This moiety carries, amino to earfeoxy 
terminal, an ATG for protein expression,, an optional 

35 nuclear localisation sequence, a weak activation domain 
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(i«e», the 842 activation doaaiii of Ma and Ftashne? Cell 
515123, 198?) , and an optional epitope tag for rapid 
isa&uaological detection ef fusion protein synthesis- As 
described herein, a BeLa com iibraray was constructed, 
S and random library sequences were inserted downstream of 
this H-tsrminal fragment to produce fusion genes encoding 
pray proteins. 

Prey proteins other than those described herein 
are also useful in the invention. For example, cDHAs may 

10 be constructed from any »RH& population and inserted into 
an equivalent expression vector, Such a library of 
choice may be constructed de novo using commercially 
available kits (e.g., from Stratagens, La Jolla, CA) or 
using well established preparative procedures {sea, e.g», 

15 current Protocols In H&lecular Biology, Hew York, John 
Wiley & Sons, 198?) , Alternatively, a number of cDHA 
libraries {from a number of different organisms) are 
publically and commercially available? sources of 
libraries include, e.g., Clontech {Palo Alto, CA) and 

20 Stratagene (La Jolla, CA) . It is also noted that prey 
proteins need not be naturally occurring full length 
polypeptides. For example, a prey protein may he encoded 
by a synthetic sequence or may be the product of a 
randomly generated open reading frame or a portion 

25 thereof. In one particular example, the prey protein 

includes only an interaction domain? such a domain may fee 
useful as a therapeutic to modulate bait protein 
activity. 

Similarly, other weak activation domains may be 
30 substituted for the B42 portion of the prey molecule? 
such activation domains must be weaker than the GAL4 
activation region XX moiety and preferably should be no 
stronger than 842 (as measured, e.g., by a comparison 
with GAL 4 activation region II or B42 in parallel &*» 
35 galactosidsse assays using lacS reporter genes); such a 
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domain may, bwevsr, be t^ertian B42. In particular, 
the extraordinary sensitivity of the &£D V 3 selection 
schema (described above) allows even extremely weak 
activation domains to be utilised .in the invention. 
5 Examples of other useful weak activation domains include 
BX7> SI 12, and the amphipathic helix (AH) domains 
described in Ma and Ptashme (Cell 51s 1X3 > mm) f Ruden et 
al. (nature 350 s 426-43.0, XSSI.) , and Giniger and Ptashne 
(Tatars 330; 67 e , !§S?) , 

10 Finally ., the prey proteins, if desired, may 

include other optional nuclear localisation sequences 
(e.g. , those derived from the GM*4 or genes) or 

other optional epitope tags <e,g, , portions of the c~3syc 
pretein or the flag epitope available fross Isaaunex) » 

15 These sequences- optimise the efficiency of the system, 
but are not absolutely required for its operation. In 
particular, the nuclear localisation sequence optimises 
the efficiency -with which prey molecules reach the 
nuclear- localised reporter gene construct <s) , thus 

30 increasing their effective concentration and allowing one 
to detect weaker protein interactions? and the epitope 
tag merely facilitates a simple immunoassay for fusion 
pro te in express ion . 

Those skilled in the art will also recognise that 

25 the above-described reporter gene, -Wh binding domain, 
and gene activation domain components may be derived from 
any appropriate eukaryotic or prokaryotic source, 
including yeast, mammalian cell, and prokaryotie cell 
genomes or cDK&s as well as artificial sequences. 

30 Moreover, although yeast represents a preferred host 

organism for the interaction trap system (for reasons of 
ease of propagation, genetic manipulation, and large 
scale screening) , other host organisms such as mammalian 
ceils may also be utilised. If a mammalian system is 

35 chosen , a preferred reporter gens is the sensitive and 
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easily assayed CAT gene? useful DNA binding domains and 
gene activation domains may be chosen, from those 
described above (e.g,,, the m%K TWA binding domain and 
the B42 or B112 activation domains) . 
5 The general type of interaction trap system 

described herein provides a number of advantages. For 
example, the system can be ased to detect bait-prey, 
interactions of varying affinity, This can tee 
accomplished, e.g., tey using reporter genes which differ 

to quantitatively in their sensitivity to an interaction 
with a library protein. In particular, the eguiiibrihm 
Kd with, which a library-encoded protein wast interact 
with the bait to activate the L®xAop~Lm2 reporter is 
probably <I0" 6 M, This value is clearly sufficient to 

IS detect protein interactions that are weaker and shorter 
lived than those detected, e,g,, tey typical physical 
methods* The l&cZ reporters are less sensitive, allowing 
the selection of different prey proteins by utilising 
reporters with the appropriate number, affinity, and 

20 position of LexA operators? in particular, sensitivity of 
the 2ac2 reporter gene is increased by either increasing 
the number of upstream h&xA operators, utilizing LexA 
operators which have increased affinity for Lesca binding 
dimers, and/or decreasing the distance between the LeseA 

25 operator and the downstream reporter gene promoter. This 
ability to manipulate the sensitivity of the system 
provides a measure of control over the strength of the 
interactions detected and thus increases the range of 
proteins which may be isolated. 

30 The system provides at least three other 

advantages, First, the activation region on the library- 
encoded proteins is relatively weak, in order to avoid 
restrictions on the spectrum of library proteins 
detected t such restrictions are common when utilizing a 

35 strong, semi-toxic activation domain such as that of SAL4 
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or VP1S {Gill and Ptashne, Nature 33.4 J 721-724, 1S8S? 
Triessenberg at al., Genes Dev. 2:730-742, 1988? Berger et 
al., Cell 70:251-265, 1992 J ♦ Second, the hes: of LeatA to 
bind the bait to oa allows, the use of yeast hosts 

§ and the use of the G&L1 promoter to effect conditional 
oppression of the library protein. This in turn allows 
the Leu or lac2 phenotypes to be unconditionally ascribed 
to expression of the library protein and minimises the 
number of false positives; it also allows conditional 

10 expression and selection of interaotor proteins which are 
toxic to the host cell if continuously produced. And 
third, placing the activation domain at the amino 
terminus, rather than at the earboxy terminus, of the 
fusion protein guarantees that the activation domain 

15 portion of the protein will be translated in frame, and 
therefore that one out of three fusion genes will encode 
a candidate activation domain-tagged interactor protein. 

One particular interaction trap system is now 
described, The use of this system to isolate a protein 

20 (termed CdiiJ which pbysically interacts with a known 
cell division control protein (termed C4c2) is also 
illustrated. 

Isolation 

25 To isolate proteins which interact with the cell 

division control protein Cdc2, the yeast strain 
ESX48/pl840 was utilised. 'Ibis strain contained both the 
LBX&OP-LEU2 and zsx&0p~XacS reporters, as well as a. 
plasmid that directed the synthesis of a Lex&~cae2 bait 

30 protein (see below) „ The L®x&op~LZU2 reporter replaced 
the chromosomal mm gene. This reporter carried 3 
copies of the high affinity colEl double LexA operator 
(Eteina at al», J, Biol, Chem. 3S8 : 13258-13261, 1983} 40 
nucleotides upstream of the major LW2 transcription 

35 startpoint. The LQX&op-lacZ reporter {pl840} was carried 
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on a 2a plasmid. This reporter carried a single 

Lex& operator 16? nucleotides .upstream of the major GML1 
transcription startpoinf. 

& HeLa cDKA interaction library Inscribed below) 
S vas also introduced into this strain using the plasma 
depicted in Figure 3C {terssed pJG4~S) ? this library 
vector was designed to direct the conditional expression 
of proteins under the control of a derivative of the GAL1 
promoter. This plasaid carried a 2# replicator ana a 

10 YRP2* selectable aiarJcw. cpKA was inserted into this 
plasmid on EcoRl-XhoI fragments. Downstream of the Xhol 
site,. pJ04-5 contained the ABE1 transcription terminator. 
The sequence of an invariant 10? amino acid moiety, 
encoded by the plasmid and fused to the N-terminus of ail 

IS literary proteins, is shown below the plasmid Bap in 
Figure 3C. This Moiety carries, amino to carbosey 
terminal, an ATS, the SV40 T nuclear localisation 
sequence (Kalderon et al., Cell 39:499-809, 1984), tSie 
B42 traneeription activation domain, (Ma and Ptashne, 

20 Cell 51:113-119, 1987? Sfotden et al,, nature 350s 426-430, 
1991) and the X2C&5 epitope tag from the influenza virus 
hemagglutinin protein {Green et al., Cell 28:477-487, 
1982) . 

Following introduction of the prey-encoding 
2$ plaamids into BG¥48/pi84Q, over a million transf ormsnts 
were isolated, of which 3-4 X 10 s expressed fusion 
proteins (see experimental procedures below) . The 
colonies were pooled, diluted, and grown for five hours 
in liquid culture in the presence of galactose to induce 
30 synthesis of library-encoded proteins. The pool was then 
diluted again so that each original transf ormant was 
represented about 20 times and plated on galactose- 
containing 1 medium without leucine. From about 2 X 10 ? 
ceils, 412 LF.U2* colonies were isolated. 85 of these 
35 colonies were blue on galactose Xgal medium, presumably 
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due to the lower sensitivity of the IscZ reporter. 1st 
ail cells in vhich .both reporters vara active, both 
phenotypes were galaetose-dependent, confirming that they 
required the library-encoded protein. Library plasmids 
5 were rescued from these cells, assigned to one of three 
classes toy restriction mapping, and the plassids 
identified from each class that contained the longest 
cDHA inserts. Synthesis of a fusion protein by the 
plasmid was verified in each case by Western blot 

10 analysis using ant epitope antiserums. 

Further analysis fey detailed capping and partial 
DMA sequencing showed that two of the recovered eBNA 
classes were identical to previously identified genes 
encoding CKSlhs and CKSahs (Richardson et al,, Genes Dev. 

15 4:1333-1344, 1990) , toman hossologs of the s. panitm suel* 
product, sequencing of the third restriction map class 
showed it to be a previously unidentified gene. This 
gene was termed CDX1, for S&C2 Inter actor l; its protein 

20 The CDI1 gene was introduced into a panel of 

£&¥4S -derived strains {i.e., ESY4S/1S40 containing 
different XmxK fusion baits) in order to test the 
reproducibility and specificity of the interaction 
between Cdc2 and Cdil* Cells from s individual 

25 transf onsed cells that contained Cdil plus a given bait 
(horizontal streaks) or the same bait plus the library 
vector as a control (adjacent vertical streaks) were 
streaked with toothpicks onto each of three plates 
{Figure 4). The plates, shown in Figure 4, included a 

30 "control" plate, a Dra" Trp~ His" glucose plate which 
selected for the presence of the bait plasaid, the 
LexAap~l&cB reporter, and the Cdil expression plasmid? a 
"glucose " plate, a Bra*" Trp'" His" Leu" glucose plate, 
which additionally selected for activation of the LexAop- 

35 reporter; and a ^galactose" plate, a Bra" Trp" His" 
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Leu" galactose plate, which selected for the activation 
of the Lsx&op-I&UZ reporter, and which induced the 
expression of edil. Baits used in this tost included. 
(1) LexA~€de2,, (2) Lexa-Bicoid, (3) Lex&HKax, (4) L®3£A- 
5 cln3, {5} Lex&-Fus3, and (6) I^x&-<2Myc~ct«rja (Figure 4). 

As judged by the £802 and lacS transcription 
phenotypes, Cdil interacted specifically with X»ex&~Gdc2, 
and did not interact with. Lem~eMyc~Cterm, LexA~Ma% f 
LexA~Bicoid f LexA~Cln3, or Le^~Fus3 (Figure 4), Cdil 

10 also interacted with other Cdo2 family proteins f 

including bexA-edcse, as discussed below, Applicants 
also note that, on glucose, the Lexa~Cln3 bait weakly 
activated the LsxAop-LEVZ reporter, but that, on 
galactose, the inferiority of the carbon source and the 

15 dimished bait expression from the mm promoter 
eliminated this background. 

The specificity of the Cdil/Cdc2 interaction was 
then confirmed by physical criteria, in particular, by 
isimttnoprecipitation experiments, Extracts ware made from 

20 EGY48 cells that contained a library plasmid that 
directed the synthesis of tagged Cdil and that also 
contained either a LerJv~€de2 or a LexA-Bieoid bait. 

In particular, 100 ml of cells were grown in 
glucose or galactose medium (in which Cdil expression was 

25 induced) to an OD 600 of 0*6-0.8, pelleted by 

centrirugation, re suspended in SOOyl HXPA, iysed by 
beating with glass beads five times for two minutes each, 
and spun twice for five minutes in a micro fuge (10,000 X 
G) at 4° to remove the beads and cell debris, ml ot 

30 this supernatant was taken as a control, and XS#X of 
rabbit anti-LexA antiserum was added to the remainder, 
which was incubated at 4«C for four hours on a rotating 
platform. he%A~containing proteins were first 
precipitated from this remainder with seal staph A~>coated 
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sepharose beads (Pharmacia, Piscataway, NJ) as describees 
in Wittenberg and Heed (Cell 54 ; 1061-1072 , 1988), The 
entire pellet was then dissolved in haemmli sample 
buffer, run on a 12.5% protein gel. (SDS/PAGB) , ana 
5 blotted onto nitrocellulose, Tagged Cdil fusion proteins 
were identified by Western analysis of the blotted 
proteins with the 12C&5 Bonooional antiheiaagglutinin 
antibody essentially as described in Samson et al. (Cell 
5? 5 1045-1052, 1989), 

10 The results are shown in Figure §; the lanes ere 

as follows* (!) Galactose medium, LexA-Bieoid bait, 
immunoprecipitation; (2) Glucose aeditott, hexA~Bicoid 
bait, imsmnopreeipitation; (3) galactose aadiu** Lex&- 
Bicoid bait, call extract? (4\ glucose medium, L&xh- 

15 Bicoid bait., cell extract? (5) Galactose medium, Lexa- 
Cac2 bait, immune-precipitation? (6) eiucose medium* LexA* 
Cdca bait, immunoprecipitation? (?) galactose medium, 
LexA-Cdc2 bait, cell extract? and (8) Glucose medium , 
LexA~Cdc2 bait, cell extract. As shewn in Figure S, 

20 anti^Laxa antiserum precipitated Cdil iron a yeast 

extract that contained LexA-Cdc2 and Cdil, but not from 
one that contained LexA-Bicoid and Cdil, thus confirming 
that Cdil physically interacted only with the CdcS- 
containing bait protein. 

3S fhe,,eaiI,,lrot^jLja^^fe 

To analyze the Cdil protein product, the Cdil cBHA 
was isolated from 12 different library plasftifta that 
contained cDNAb of 4 different lengths. Sequence 
analysis revealed that ail of the cDNA inserts contained 

30 an open reading frame, and inspection of the sequence of 
the longest GSfflhu (Figure &} revealed an ATS with a 
perfect match to the Kozak consensus translation 
initiation sequence (P«ec/GM?SG1 {Kbsak, Cell 44 i 283-292, 
1986? . Careful analysis of the size of the Cdil *mh in 

35 HeLa cells revealed that this ATG occurred between 15 and 
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45 nucleotides from the S f end of the cdil message., 
suggesting that the longest cDHAs spanned the entire open 
reading frame . 

The Cdil gene Is predicted to encode a protein of 
S 212 amino acids* The Coil, amino acid sequence doss not 
reveal compelling similarities to any previously 
identified proteins (Figure 6} , However, two facts about 
ttoe protein sequence are worth noting. First, 19 of the 
amino- terminal 35 amino acids are either proline, 

10 glirtamic acid, serine, or threonine- Proteins that 
contain these stretches.,- called PEST sequences, are 
thought to toe degraded rapidly (Rogers et al«, Science 
234:364-368,. 1986); in fact, this stretch of Cdil is more 
enriched in these amino acids than the C~termini of the 

15 yeast Ql eycHns, in which the PEST sequences are teown 
to be functional {Cross, Mel. Cell. Biol 8s 4675-4684, 
im&i Hash et ai>, EMBO <J« 7:i4335-4.346, 1&S8? Kadwigar et 
al,, Proe, Hat. &cad, Sol, US& &6;62§S«6259, 19B9) » 
Second, since the c$MK library from Which the plasmids 

20 that encoded Cdil were isolated was priced with oiigo &T, 
and since all isolated Cdil CW&s by definition encoded 
proteins that interacted with Cdc-2, analysis of the siaes 
of Cdil cDHA inserts obtained in the screen necessarily 
localized the portion of the protein sufficient for 

26 interaction with Cdc2 to call's e-terminal -170 amino 
acids, 

hnsd&&3U3£-&&i mmtimJjLJBM^ 

In initial efforts to understand Cdil function, 
the effects of Cdil expression in yeast were examined. 
30 in particular, because Cdil interacts with Cd.c2 family- 
proteins, including $. .cerfevisiae Cdc28 , an examination 
of whether Cdil affected phenotypes that depended on 
other known proteins that interact with Cdc2S was 
undertaken. 
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Toward this end, the fact that expression of the 
S* pofflba sucV or cereFisi&e Cks proteins can rescue 
the temperature sensitivity of strains that boar certain 
cdc28 ts alleles was exploited? this effect is thought to 
5 be due to the ability of these proteins to form complexes 
with the labile Cdc28 t& protein, protecting it against 
thermal denaturation (Hadwigar at al. r Proc. mt* Acad. 
Sci. USA 86; 6255-6259, 1989} ♦ It was found that Cdil. 
expression did not rescue the temperature-sensitivity of 

1.0 any cdc28 allele tested, although human Cfcs2 did, 

Next, the ability of Cdii to confer on yeast 
either of two phanotypes associated with expression of S* 
c&r®visimt or higher eukaryotio eyelins was examined? 
such pheootypes include resistance to the arrest of 

15 strains by & factor, and rescue of growth arrest of a 
strain deficient in cam, cm. and Clnl. Again, 
however, Cdil expression did not confer either phenotype. 

During initial studies, it was noted that 
expression of Cdil inhibited yeast call cycle 

20 progression. Cultures of cells that expressed Cdil 
increased their cell number and optical density isore 
slowly than control populations {Figure ?A) , 

To further investigate this growth retardation 
phenotype, the morphology of Cd i I ~ e xpr e s s .i ng cells was 

25 examnsd. W3Q3 cells were transformed with pJG4~4Cdil, a 
galactose-inducible vector that directs the synthesis of 
Cdil. Morphology of cells was examines with Nomarsxi 
optics at 1000X magnification. As shown in Figure 8, 
such microscopic examination of the cells showed that, 

30 compared with controls, cells in which cdil was expressed 
were larger, and a sub-population showed aberrant 
morphologies: S% of the ceils formed elongated schmoos, 
and S% exhibited multiple buds, Immnnof increscent 
examination of a sample of these cells which had been 
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BAPX stained (as described below) showed that the nuclei 
of some of the largest cells wore not condensed. 

Finally, ceils were examined: for their ability to 
bud. Samples of 4 DO cells from control populations and 
5 from populations expressing mil were examined by phase 
contrast microscopy, and tbe budding index was calculated 
as the percentage of tedded cells in each population as 
described in Wittenberg and Reed (HOI. Cell* Biol. 
9$4064~406S, 1989). As shown in Figure 7B, less than 10% 

10 of the ceils in the Cdil -expressing population showed 
toads, as opposed to 30% of the cells in the control 
population , suggesting that fewer of the cells in the 
population expressing Cdil had passed through the 81 to S 
transition. This finding is consistent with the idea 

is that the increased cell sis® and growth retardation were 
also due to a prolongation of Gl. 

.mis hypothesis was further tested toy FACS 
analysis of cellular DN&, In particular, W303 cells that 
contained Cdil were grown as described above and diluted 

20 to Q|% oo «0,i in 2% glucose or i% raffinose, 1% galactose, 
and grown to OD §00 «0.S~l.0. At this point, the ceils were 
collected, sonicated, fixed in 70% ethanol ? stained with 
propidium iodide, and subjected to FACS analysis to 
determine OJSA content as previously described {Lev et al. 

25 Cell 63:317-328, 1992) . Approximately 20,000 events were 
analyzed. These results, shown in Figure 7C, indicated 
that the majority of the cells in the CdH-expresstng 
population had increased amounts of cellular DHA. This 
may indicate that an increased number of cells were in S 

30 phase; alternatively , it Bay simply be the result of 

larger cell size and increased quantity of mitochondrial 
IMA. 

Tahen together, those experiments thus indicated 
that protracted Cdil expression in &\ cer&visis® caused a 
3S retardation in the passage of cells through the cell 
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cycle, no&t likely by Increasing the proportion of cells 
in SI? they thus also indicate that Gail expression 
uncoupled the normal synchrony between these two metrics 
of cell cycle progression, 
5 Because cd.il interacts vita Cdc2 family proteins, 

it was postulated that the Cdil growth retardation 
phanotype in s. cerevisia® might bo explained by 
sequestration of Cde28 into protein complexes that wore 
not competent to cause the cell to traverse Gl . To test 

10 this hypothesis, the effect of native Cdil expression in 
ceils containing Cdo28 with ana without overexpressed 
native human Cdc2 was compared. Specifically, »303 calls 
that carried the indicated combinations of galaetose~ 
inducible Cdil expression vector and/or cdksa expression 

15 vector were grown for I4h in complete minimal medium 
lacking tryptophan and histidine in the presence of 2% 
raffinose, Ceils were then washed and diluted to 
:O0 6OQ «O-,1 in the earns media containing either 2% glucose, 
or 1% raffinose and 1% galactose, optical densities were 

20 measured at two hour intervals for 12 hours* results 
of these growth assay experiments are shown in Figure i ?A» 

Unexpectedly, it was found that the presence of 
additional C4c2 increased the- severity of the Cdil- • 
dependent growth inhibition (Figure ?A) . This result 

25 suggested that Cdil endowed Cdo2 family proteins with a 
new function, at least in S» c&r&visla® t one that 
inhibited their ability to cause cells to traverse Si and 
S-. The Cdil and Cdc2 expression piasmids together also 
caused some growth inhibition, even in glucose medium? 

30 this result was attributed to leaky expression from the 
<?AL2 promoter on the expression plasmid. 

Anal ysis of Cd il Bx^imi..l.u....Ma.^llMIS ,CaU8 

The above results in yeast suggested that Cdil 
might have a similar effect on the ability of mammalian 
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cells to traverse Gl or S. since Call was isolate from. 
B e La cDNA, the point in the cell cycle at which ea.il saRHA 
was expressed in these cells was first measured. 
Specifically, adherent HeLa cells were 
5 synchronized in late OX by a double thymidine block (Rao 
and Johnson, nature 225tl5»~!64, XS?0> as described in 
Law et al> (Cell 66 s 1197-1206 , 1991), Aliqnots of ceils 
were collected every three hours after release from the 
bXo«3c» Released calls reentered the ceil cycle § hears 
10 after release, as measured by FACS analysis of DNA 
content. Total HKA was prepared from each aliquot at 
different time points, run out on a formaldehyde agarose 
gel. ? and blotted onto nylon |Bytran f Sehleider and 
Schuell, Keens, KH) as described in Ausubel et al. 
15 f current Protocols ininoiecuiar , &Latlftffi£, Yorfc, John 
Wiley & Sons, 196?) . The blot was probed with random 
priced DHA probes (Feinberg and Vogelstein, Anal. 
Biochem. 132 s 6-13, 1983} Bade from a 690 bp BcoPX 
fragment that contained Cdil, a 1383 bp PstX fragment 
30 from of human cyclin E sequence (Lew et aX», Cell 

56i 1X97-12 06, 1991} f a 1228bp $coX~BphX fragment from the 
coding sequence of the human Cyclin BX gene (Pines and 
Bunder, Cell 58: 833-846, 1989}, and a I268fop PstJ 
fragment carrying the full length human gXyceraldahyde- 
•25 phosphate-dehydrogenass (GAPD) gene (Tokunaga et al, , 
Cancer Pes, 47 s 5616-5619, x-987} which served as a 
normalisation control, As is shown in Figure 9A, 
expression of Cdil j»RNA peaks at the end of Gl, 
immediately before the Gl to S transition, in parallel 
30 with the expression of the cyclin B message. This 
temporal expression pattern was consistent with the 
hypothesis that Cdil expression might affect the Gl to S 
transition. 

To further test this idea, HeLa cells were 
35 transfected either with pBNCd.il, a construction that 
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directed the synthesis of Cdil under the control of the 
Moloney Murine Leukemia Virus LTR (see below) , or with 
the vector alone. Individual transformed clones were 
selected by their resistance to G-428, and cells from 
5 these clones were stained with propidium- iodide and 
subjected to SACS analysis to determine DH& content, fas 
describes below) ♦ The midpoint of Ql. was defined as the 
jaod® of the distribution of each graph; the modes on the 
two panels were of different heights (272 counts for 

10 cells transformed with the vector, 101 counts for cells 
that contained Cdil} ; this broadened peak in the C&ii- 
expressing cells reflected the increased proportion of 
the population that contains approximately IX DHA 
content. 4 independent transfectants were analysed; all 

IS yielded similar results. These results, which are shown 
in Figure 9B, indicated that the populations of ceils in 
which Cdil was expressed contained an increased 
proportion of cells in SI relative to control 
populations > 

2 0 Cdc2^dll,,J,nterae;pion 

To identify determinants of Cdc2 recognised by 
Cdil, Cdil was tested for its ability to interact with a 
panel of different bait proteins that included £&e2 
proteins from yeast, humans, end flies, as well as the 

as yeast Fus 3 protein kinase (a protein kinase of the ERK 
class which negatively regulates Cln3 and which, by 
sequence criteria, is less related to the Cdc2 proteins 
than those, proteins are to one another (Elion at al„, 
Cell 60; 649-664, 199Q) * 

30 To perform these experiments, K<sy48/JK103 

{described below) containing a piasmid that directed the 
galactose™ inducible synthesis of tagged Cdil was 
transformed with one of a series of different 
transcriptionally- inert LexA~Cde2 family protein baits. 

35 Five individual transf ormants of each bait were grown to 
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OD SO0 «0.S~1.0. in minimal medium that contained 2* 
galactose but that lacked uracil, histidine, and 
tryptophan. Results are shown in Table 1 a»d are given 
in jS-galaetosidase units; variation a»ong individual 

i 20% „ 



LexA~Cde2 (Hs) 

L&xA»Cdk2 (US) 

10 LexA~Cdc28 (SO) 

LexA-Cdc2 {Dm} 

LexA-Cdc2c {Dm} 

CSC) 



I5B0 
440 
480 
4D 
>2 
>2 



IS transcription from ' 



a 1, tagged Cdil stimulated 
■ baits to different levels? it 
activated strongly in strains, that contained the human 
Cde2 bait, against which it was selected, less strongly 
in strains that contained 5, cerevisiae Cdo28 or toan 
cdk2 baits., and only >»ea&Iy ih strains that contained the 
pjfiCdca bait, one of the two Vrosophila Cdc2 homologs 
(Jixaenea; et &L f EM.B0 0, 9i3565~357I f 1990,? Lehner and 
Cfarrell, J. 9ss 3573-3581, 1990). In strains that 

contained the DKCdc2c bait or Fus3, Cdil did not activate 
at all, Since baits in this panel were related in 

«srs t, 
5> untranslated 

and the sa* 

yeast in the same amounts, the differences in 
transcription among the bait strains very likely 
30 reflected differences in interaction with the tagged 
Cdil. 

in order to identify residues on Cdc2 proteins 
that Cdil might recognise, the transcription interaction 
data was compared to the sequence of the baits, A lineup 
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of the bait seo^enees was searched for residues that were 
conserved in the proteins with which Cdil interacted, bat 
which differed in the proteins that Cd.il did not touch . 
Use of this criterion identified 7 residues, which are 
S indicated by asterisks in Figure 10 « Of these residues, 
two, Qlu 57 and Cly 154 (in toiss Cdc2) , are altered in 
the non-interacting baits to amino acids of different 
chemical type. In DmCde2c, residue 57 is changed from 
Glu to &sn, and residua 154 tron ©iy to &sn? in Fus3, 

10 these residues are changed to His and Asp» In huaan 
Cdc2, both of these residues adjoin regions of the 
SKoieeuie necessary for interaction with eye 1 ins (XMcommen 
at al., Hoi, Cell, Biol. 1116177-6184, 1991} . Projection 
of the human Cdc2 primary segnence on the crystal 

IS structure solved by Knighton et al. for bovine CAMP 
dependent protein kinase (Science 253.s4fi?-4l3, 1991) 
suggests that residues 57 and 154 are in fact likely to 
be close to these eyeXin contact points in the folded 
protein, 

20 $hese results are thus consistent with the iaea 

that Cdil may exert its effects by changing the affinity 
of Cdc2 proteins for particular eye line, thus potentially 
altering their substrate specificity. 

In summary, Cdil is a protein which complexes with 

25 cde2 family proteins. It is expressed around the fcija* of 
the 61 to S transition, and the above results suggest 
that it may negatively regulate passage of cells through 
this part of the cycle, thus linking the regulatory 
networks connecting extracellular signals with core cell 

30 cycle controls. If Cdil is in fact a negative regulator, 
it is interesting to note that its normal, function may toe 
to v we; ;n&ls that retard or block the cell cycle 
during si. Since tooth normal differentiation and cancer 
can be considered consequences of changes in Gl 

35 regulation, this idea raises the possibilities that Cdil 
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may function to remove cells from active cycle to allow 
differentiation (Pardee,, Science 246*603-608, 1989); and 
that there are cancers in which lesions in the Gl 
regulatory machinery prevent Cdil from exerting its full 
5 effect. 



Bacteria and yeast 

Manipulation of bacterial strains and of DMAs was 
toy standard methods (sec, e.g., Ausufeel et ai,, jSErxgnt 

10 Protocols la r „ SisOfiffig * Hil *y & 

Sons, 1987; and Samorook et al. ? jpiecnlar &%m&Ml~M 
La boratory Manu al, Cold Spring Harbor, m, Cold Spring 
Harbor laboratory, 1889) unless otherwise noted. B* coli 
»Sure« mcr& A.(arr, hsdi?MS ? marBC) endai st?|^44 tM-2 

15 gyrAS* reJUX lac reeB roof shec umuCt tTnJS (kan*) uvrO 
/*>' tpm&S , lacjs^s J ♦ $T»X0 (*e**> ( Stratagene lute. , 
Laaolla, CA) and KC8 {pyrF^TnS BsdS IstiWOO trp££g3S 
aa<?A?4 s&rA galK h£sB45S} were used as bacterial hosts 
throughout , 

20 To determine whether Cdil complemented either Gl 

or 6:2 functions of cdc2S, the following yeast strains 
were used? cdc28~XR (MM'a ura3 adel trpl cdc28~W) , which 
at the restrictive temperature arrests predominantly in 
QZr *nd edc28-!3 (MATe Ieu2 trpl Ms3 ura3 adel fcyrX 

25 cdc2S-l3) and cdc28~l7 {m?a leu2 trpl hiss ura3 m®tl4 
args erg6 tyrl cdcza-l?) , which at the restrictive 
temperature arrests predominantly during Gi. 

Into these strains was introduced pJS4-6Cdil (see 
below) , a yeast expression plasmid that directs the 

30 synthesis of Cdil that contains a hemagglutinin epitope 
tag at its amino terminus, and pjS4~7Cfes2 (derived from 
the ssbs selection) as a positive control. Overnight 
cultures of these strains were diluted 20; 1 into trp" 
complete minimal medium with 2% glucose and 2% galactose 
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and grown at 25*C for five hours. Dilutions of these 
cultures were plated onto duplicates plates of solid media 
that contained the same carbon sources; one plate was 
placed at 2S*C and tfcs other at 36»C. Colonies were 
5 counted after five days of incubation 

In order to determine whether Cdil complemented a 
strain deficient in Gl eyclins, strain 3C-1AX (MAT® barl 
Acini &cln2 4cis3 cyhz trpl I®u2 ura2 adei M&2 tpLm2- 
C7M2 (C?K*)~CLM*]y into which pJG4-?C&iX or a. GALI-CLKS 

10 construct as a positive control had been introduced was 
used. Overnight cultures were diluted into glucose and 
galactose medium as abov*, and grown for five hours at 
30*C« Cells were plated onto glucose- and galactose- 
containing medium as above, except that the medium also 

IS contained lOMg/ml cyeiohexamide ; cells were grown for 
three days and counted* Colonies can only arise on this 
mediun when the CYH S ~CX^3* piasxsid is lost, an event which 
itself can only occur if the other plasmid rescues the 
CM deficiency. 

20 The ability of cdil to cause resistance to arrest 

by a factor was tested using a derivative of W303 
trpl nr&3 Ms3 1&U2 can! bar Is sLmi3) into which pJG-4- 
4 Cdil, a plasmid that directs the synthesis of native 
Cdii, had been introduced. Strain W303 was also 

25 transformed with a set of mammalian cDNAs that had been 
isolated by their ability to confer & factor resistance 
as a positive control. Overnight cultures were grown in 
glucose and galactose as above , and then plated on 
glucose and galactose medium,, in the presence and absence 

30 of 10~ 7 M a factor. Colonies were counted after 3 days. 
For the growth rate experiments,, W303 contained 
either pJG4-4Cdil or a vector control, in combination 
with either a pJGX4-2, a -glS3* plasMd which directs the 
synthesis in yeast of native human Cdc2 under the control 

35 of the promoter, or a vector control. Overnight 
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cultures which were grown in Ris~ Trp" minimal medium that 
contained 2% raffinose were collected, washed, and 
diluted into fresh medium tMfe contained either 2% 
glucose or X% galactose + 1% raffinose to OD 600 «G.l. 
5 Growth kinetics were followed, measuring the OD of 
aliguots taken every 2 hours . 
Bajts 

In order to optima i ;: a; operator occupancy, baits 
were produced constitutively under the control of the 

10 AOS'! promoter <A*merer, Meth. Erusym. 10I«1$2~21Q, 1983), 
and contained the Lexfc C~terminal oligomerisation region, 
which contributes to operator occupancy by LexA- 
containing proteins, perhaps because it aids in the 
precise alignment of LexA amino termini of adjacent 

15 operator half sites {Golemis and Brent f Hoi. Cell* Biol, 
12 .♦3006-30X4, 1SS2) . It is worth noting that all bexa- 
bait proteins so far examined enter the yeast nucleus in 
concentrations sufficient to permit operator binding, 
#ven though &ex& deriyatiyes are not specifically 

20 localised to the nucleus unless they contain other 

nuoXear localisation signals {see, e,gU> Silver et aX., 
MoX, Call, Biol. 6*4763-4766, .1986). 

pL202pI has been described (Huden et al.» K&ture 
350; 426-430, 1091), This piasmid, a close relative of 

25 pMM24 and pSH2~l (Ha and Ftashne, Cell 51ilX3»119, %997 $. 
Kanes and Brent, Cell 57 : 1275-1263, 1989} carries the 
BXS3* marker and the 2m replicator, and directs the 
synthesis in yeast of fusion proteins that carry the 
wild-type L&xK protein at their amino terminus. Baits 

30 used in this study were ssade as follows ; human Cdc2 (Lee 
and Nurse, Nature 327 ."31-35, 1587}, ©35c2 (Tsai et al., 
Nature 353 : i?4~X77> 19S1) and the s. cmrm«isxa& CDC28 
genes (LorincK and Beed, Mature 307 i 183-185, 1964} were 
amplified by PCR using Vent polymerase (Mew England 

3S BioXabs, Beverley, m) and cloned into pL202pl as BcoEl- 
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BamHX fragments > These proteins contained two amino 
acids (gin one) inserted between the last amino acid of 
t&xA and the bait proteins,. m& Srosophila Cdc2 (Jimenez 
et al,, EMBO J » 9:3565~3S7l, 1990f Lefcn^r and O'Farrell, 
s EMBO J. 9J3S73-35SX, 1S9©> baits were cloned as BamHI- 
Sail fragments following PCR amplification* LexA-FueS 
(Elian, Cell 60? 649-664, 199(5} and :LexA~CXn3 (Cross, Hoi. 
cell. Biol 8s46?5~4S84., : 1988:, Hash et aX,, BMSO j« 
7 $4335-434 6, 1988) were jade in a similar way except they 

J© were cloned as BamHt fragments. Those plasaids contained 
five amino acids (glu phe pro gXy .tie) (SEQ ID HO; 2} 
inserted between LexA and the baits. All these fusions 
contained the entire coding region from the second amino 
acid to the stop eodon* LsxA-cMyc-Cterm contained the 

15 eartooxy- terminal. 176 amino acids of human CMyc, and LexA- 
KEax- contained all of the human Max coding sequence* 
bexA^Bicoid (amino acid 2-16©} has been described 
(Goiemis and Brent, Hoi, Ceil, Biol, 12$ 3006-3014, 1992). 

20 In the interaction trap, one reporter, the L&xM>p~> 

mm construction, replaced the yeast chromosomal JLEU2 
gene* The other reporter, one of a series of LexAop- 
m$l-~l&£% genes (Brent and Ptashne, Cell 43{739~736, 
198SJ Hatsens et al,, Hoi. Cell* Biol. 105 2840-3-847, 

25 1990) , was carried on a 2m plasmid* The reporters were 
designed so that their basal transcription was extremely 
low, presumably due tooth to the removal of the entirety 
of the HAS fro® both reporters, and to the fact (whose 
cause is unknown) that I*exA operators introduced into 

30 promoters tend to decrease transcription (Brent and 

Ptashne, Nature 312:612-615, 1984? lech, Gene activation 
toy SNA-bound Foe and Myo proteins. Ph.D. thesis, Harvard 
university, 1390;. Reporters were selected to differ in 
their response to activation by be&A fusion proteins. In 

3S this study, the LEU 2 reporter contained three copies of 
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the high-affinity LexA binding site found upstream of 
call colli {Ebina et aL, J, Biol, Chettu 258s 132S8-13261, 
1983; Kaaens et al,, Mol, Cell, Biol. 10i2S40-2847, 
1§90) , and thus presumably binds a total of € aimers of 
the bait, m contrast, the l&cZ #sne employed in the 
primary screen contained a single lower affinity 
consensus operator (Brent end Ptashne, nature 312:612- 
615, 1984) which binds a single disaer of the bait, The 
Lexa operators in the LW2 reporter were closer to the 
transcription startpoint than they -vers in the 2&cJ 
reporter, These differences in the number, affinity, and 
position of the operators all contributed to making the 
LEU2 gene a more sensitive indicator than the l&cZ gene, 
a property that is useful for this method. 

pl840 and pJKl03 have been described (Brent and 
ptashne, Cell 43:729-736, 1985, Mens et ai. , Hoi, Cell, 
Biol, 10 i 2840-2847, 19S0) * pHR33 {Ellerstrom et al,, 
Plant Hoi, Biol, 18i557~S«6, if 92} was cut with BindXXX 
and an -ilsebp fragment that contained the vms* gene 
from yEP24Ml 3-2, a derivative of yBF24, was introduced 
into it to create pLEU2~(K This plasmid contains a BglXl 
site 87 nucleotides upstream of the major LEU2 
transcription startpoint, pLE02~u was cat with BgllX, 
and a 42bp double stranded BgiXI-ended oligomer 
S * G^TCCTCCTGTATATAAAACC^GTGOTTM'ilTGTACAGTACGS ' (SEQ ID HO 

35 3-* GACCACATATATTTTGGTC&CCAATATACATGTCATCCCTAG 5' (SSQ 
ID HO J 4 } 

that contains the overlapping LexA operators found 
■ upstream of the colecin Bi gene (Ehina et ai. f Ji Biol. 
Cheau HE: 13258-13261, 1983} and which presumably binds 2 
LexA dimers, was introduced into it. One plasmd, .pLEU2- 
LeseAope, that contained three copies of this oligomer was 
picked,* it presumably binds 6 aimers of LexA fusion 
; proteins . 
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MLmMm...M&z&im, 

EGY12 (M&Ta trpl uraJ LEU2; ipLEU2~G (&UASLEU2) ) 
and EGY38 (as above but ; t phEV2~L&xAop6) sera constructed 
as follows x pL£U2~0 and pI>EU2 -LexAopS -were 1 in® arisen by 
5 digestion with Clal within the ZW2 gene, and the- mm was 
introduced into U45? (MAT& SVPS3~a ade2~2 ctmi~2Q0 »ra3~ 
52 trpl-l [pM*]} by lithium acetate transformation (Ito 
et al, f J. sacter. XS3tXS3~16S, 198-3) ? ura* colonies, 
which presumably contained the plasmid Dm integrated 
10 into LEU2, were selected. Several of these traasformants 
were grown in MPS, Ura" cells were selected by plating 
these cultures on medium that contained S-FOA (Ausubel et 
il- r — <o ' - ^QW&l..,ln. m\&£2aiX$X Mo-logy, Hew yorfc, 
John Wiley & Sons, 198?) , Both plaeaide carry a TY1 
IS element. For each integration, >some of the uraJT 
revertants were also trpl", suggesting that the n$A3* 
marker was deleted in a homologous recombination ©vent 
that invgl-ved the rtl sequences on the LEU2 piasmids and 
the chrojRosoaal Ttl element upstream of (Oliver 
20 et al., nature 3S7S38-46, 1992). Trp~ colonics from each 
integration, EGY12 (no LexA operators) ana EGY38 (6 
operators) were saved, These were mated to ©310Q-14B 

Ms3 trpl pbo5) , The resulting diploids were 
sporulated, and a number of random {MATa l®u2~ ur»3" 
25 trpl- his 3** G&L*} spore products were recovered, EGY40 
and are products of this cross; ESY4G has no LaxA 

operators, has 6. To make the bait strains, KGX48 

Was transformed with pX84Q or pJKi03 and with the 
different bait plasmids. Double transf orients were 
30 selected on Glucose Ura" His" plates, and expression of 
the bait protein confirmed by western blotting using 
anti-bexA antibody and standard techniques. 

Library (,^pr^;ri,,,,,expres^ ; pn. vecters 

Library-encoded proteins were expressed from pJG4~ 
35 S, a member of a series of expression plasmids designed 
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to h& vm*& in the interaction trap and to facilitate* 
analysis of isolated proteins, Tb*m. plasmas all 
carried the 2m replicator, to ensure high copy number in 
yeast, and the TSPl marker, pJG4~S was designed to 

5 possess the following future* i a galactose™ inducible 
promoter to allow conditional expression of the library 
proteins, an epitope tag to facilitate their detection, a 
nuclear localisation signal to maximise their 
intranuclear concentration in order to increase the 

10 sensitivity of the selection, and a weak acid blob 
activation domain (Ma and Ptashne, Cell 51 r 113-119, 
1987) , This domain was chosen for two reasons r because 
its activity is not ^abject to known regulation by yeast 
proteins as is the major QUA .activation domain, and, 

15 mors importantly., because it is a weak activator , 

presumably avoiding toxicity due to squelching or other 
mechanisms (Gill and Ptaahne, Mature 334*721-724, 3.988, 
Berger et al., Cell 70 $251-265, 19S2) very likely to 
restrict the -number or type of interacting proteins 

20 recovered, 

piT64-S Was constructed as follows. An "expression 
cassette* containing the £8&i promoter and the ADH1 
terminator and a 345 at insert that encoded a 107 amino 
acid moiety was inserted into p3G4~0, a plasmid that 

25 carries the TRF1 gene, the 2,u replicator, the pUCX3 

replication origin, and the ampicillin resistance gone. 
The pJG4~5 expression cassette directed the synthesis of 
fusion proteins, each of which carried at the amino 
teradnus, amino to carhoxy terminal, an ATG f an SV40 

30 nuclear localization ssguenee {PPKKKKKVA) (BSQ ID mt 5} 
(Kalderon et a.L , Cell 3Ss499~509, 1984), the B42 acid 
blob transcriptional activation domain (Ma and ptashne, 
Cell Sis 1X3-119 , XS8?) and the HM epitope tag 
( Y F Y0VPB Y A } (Sm. B> HO; 6} (Green et ali, Cell 28 s 477- 

3 5 487, 19S0J (Figure 3C) . la addition to this plasmid, 
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these experiments used two edil expression piasmids. 
EcoRl-XhoX CdiX-eontaining fragments were introduced into 
PJG4-4 to ma&e the piasmid p3G4-4Cail; C&il was 
transcribed from this plasm d as a native., uniused 
5 protein under the control of the GXLl promoter- BcoEI- 
XhoX Cdil-containing fragments were also introduced into 
PJG4-6 to make the plasmid pOTG4-6Cdil; in this case, edil 
was expressed as an in-frame fusion containing, at its 
amino terminus f an ATG initiation codon and the 

10 hemagglutinin epitope tag. 
.Library Q<snM£t3SS£&& 

The activation-tagged yeast ctMk expression 
library was made from KHA isolated from serum grown t 
proliferating SteLa cells that *ere grown on plates to 70% 

15 confluence. Total KNA was extracted as described in 
Chomcsynelei and sacchi (Anal, Biochesn 162:1§«~15&, 
1987} , and polyA* BRNA was purified on an oiigodT" 
cellulose coluism, cDSA synthesis was performed according 
to Gubler and Hoffman (Gene 25? 263-3 69, 1983) as modified 

20 by Hues and Hansen (Strategies l.'W t 1980) using a 
linker primer that contained , 5* to 3% an 28nt polydT 
tract t an Xhol site, and a 25 nt long Qh rich sequence to 
protect the Xhol site. To protect any internal Xhol 
sites, the first strand was synthesized in the presence 

25 of 5*~»ethyl~CTP (instead of CTF) with an RHAseH 
defective version of the Moloney virus reverse 
transcriptase (Superscript, BKX>, Grand Island, NY) . For 
second strand synthesis, the mHKA/cDNA hybrid was treated 
with mhseU and E, cold DMA polymerase X, and the 

30 resulting ends were node flush by sequential treatment 
with Kienow, Hung Bean esconuclease , and Klmm onto which 
Eco&X adaptors s 

5' &ATTCGGCACGAGGCG 3' (SEQ ID NO? 7} 
3-- gee (SEQ ID MOi 8) 
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wars ligated, and the earn was digested with Xfcsol, This 
DMA was further purified on a Sephaeryl s-400 spin column 
in order to remove excess adaptor sequences , and 
fractionated or* a 5-20% Kofce gradient* Fractions 
5 containing >700 fop cDNAs were collected, and 

approximately 1/5 of the CDMA was ligated into- EcoRI- and 
Xhol -digested pJG4-5. This ligation mixture was 
introduced into M* coll SKKE cells by eieetroporation 
(SeneHPulser, Bio~Rad f Hercules , €&} according to the 

10 manufacturer's instructions* 9*6 x 10 6 primary 

transformants were collected by scraping LB ampiciilin 
plates, colonies were pooled and grown in 6 liters of 1*8 
Bedlam overnight (approximately three generations) y and 
plasmid DBA was purified sequentially by standard 

15 techniques on two CsCl gradients. Digestion of 

transformants of individual library members with BcoKl 
and Xhol revealed that >9&t of the library members 
contained a cMA insert whose typical sise ranged between 
ikb~2kh« western blots of individual yeast transf ormants 

20 using the anti-hemagglutinin monoclonal antibody 
suggested that between 1/4 and 1/3 of the jsessbers 
expressed fusion proteins » 

gelectJ^.n_qf m Qas,a .intera^oj^ 

Library transformation of the above-described 

25 strain was performed according to the procedure described 
by Ito et al. (J. Baeter, 153 i 163-168, 1983), except that 
the cells were grown to a higher Ob as described in 
Schiestl and Gieta (Curr. Genet 16:3 39-346, 1989} and 
single, stranded carrier IWh. was included in the 

3D transformation mix also as described in Schiestl and 
Oietss (Curr. Genet 16; 339-346, , This procedure 

gave 1.2 X 10 6 primary library transf ormants (10 4 library 
transf ormants //*g DNA) . Transf ormants were selected on 
Glucose Pra~ His" Trp~ plates, scraped, suspended in 

35 approximately 20 ml of 65% glycerol, mm Tris-HCl »H 
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?,S, XOmM HgCig, and stored in 1ml aliquots at -SO*. 
Plating efficiency mm determined on Galactose Ura'" His" 
Trp" after growing SOal of & cell suspension in 5 ml YF 
in the presence of 2% galactose. For screening the 
5 library, approximately 28 colony forming units on this 
medium/original transf ormant , (about 2 X 10 7 cells) were 
plated on 4 standard circular iOca» Galactose ura~ His" 
Trp" Lea" plates after the yp/ga lactose induction 
described above, 

2.0 412 Lea*' colonies appeared after a 4 day 

incubation at 3o»C. These colonies were collected on 
Glucose Ura" His" Trp" master plates and retested on 
Glucose Ura" His" Trp" Leu", Galactose lira" His*" Trp" Leu",, 
Glucose Xgal Ura" His" Trp", and Galactose Xgal tir*~ His" 

15 Trp" plates. 55 of these colonies showed galactose- 
dependent growth on leu" media and galaetose-dependent 
blue color on Xgal medium, and were analyzed further, 

Piassnid DMAs from these colonies were rescued as 
described (Hoffman and Winston, Gene 5? J 267-272, 1887), 

20 introduced into the bacterial strain KC8, and 

transformants wr$ collected on Trp" aapicillin plates, 
FlasBid DNAs were analysed and categorised by the pattern 
of restriction fragments they gave on 1.8% agarose l/2>: 
TBB gels after triple digestion with EcoEi and Xhol ., and 

25 either Alul or HaelXX- Characteristic piasmids from 
different restriction map classes of these eDNAs were 
re transformed into derivatives of BG"f48 that expressed a 
panel of different LexA. fusion proteins. Plasmids that 
carried cBN&s whose encoded proteins interacted with the 

30 LexA-Cde?: bait but not with other LeseA fusion proteins, 
including LexAHSieoid, LexA~Fus3, LexA~Cin3 f LexA-cMyc- 
eterm, and Lex A™ Max were characterised further, 
llSroscopy 

ml cultures of yeast cells were grown in the 
35 appropriate complete minimal medium up OD SC0 « 0.8-1 and 
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sonicated in a short, burst to disrupt the clumps (Ausubel 
et al,, Current jpp^^ Haw York, 

John Wiley & Sons,, 1987) . cells were collected toy 

i Iml TB, reshspehded in lad 70% 
shaken for 1 hour at room temperature to fix 
thass, then collected and resuspemded In TE» The fixed 
cells were either examined directly at 1000k 
magnification with a SEeies Axioseope microscope under 
Alomar ski optics or toy fluorescence after staining with 
2.3jag/al DAPX as described in Silver et al. CHol. Cell. 
Biol, 6: 4? $3-4766 , 1986). 
H£i™MMlvtle 

Yeast cells were grown and fixed as described 
above and prepared for FACS analysis 'of DMA content 
essentially as in Lew et al* (Cell 63 t 3X7-328, 1992). 
After fixation the cells were collected and washed thxee 
0,8 mis 5038M Tris/HCX pK 8.0, then 200jUl 
added and incubated at 37*C with continuous 
$ hours, The ceils were pelleted, 
in 0.5 ml of Sssg/ml pepsin (freshly dissolved 
in S5m HCl) and incubated in a 37° vaterbath for 30 
minutes. The cells were spun down, washed with 1 ml of 
200*35 Tris/BCl pH 7.5, 2limM Nad, ?8mM Mgcl 2 and 
resuspended in the same buffer. SSp.1 of 500 ag/ml 
propidium iodide was then added, and cells were stained 
overnight at 4*C, Typically 10,000-20,000 events were 
read and analysed in a Bectcn Dickinson Fluorescence 
Activated Cell Sorter (Bectcn Dickinson, Lincoln Park, 
KJ) with a CellFIT cell-Cycle Analysis program Version 
2.01,2* 

For FACS analysis of m& content, HeLa ceils were 
grown on plates and transfected {Ausubei et si . , Curxt 
Protocols in. Molecular „,i Lo,Iagy, Hew York, John Wiley & 
sons, 198?) either with pSMC&il, a DMA copy of a 
retroviral cloning vector (Morgenstarn and Land, Kucl, 
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acids, &es. 18?3587~3S9€> that directs expression 

of native cdil -under the control of the mmwt promoter, 
or witb the vector alone. Clones of transfeeted cells 
were selected .toy growth in medium t&at contained 4O0*ig/jal 
5 of G418? Cdil expression did not. diminish the number of 
©418 resistant cells recovered. individual clones of 
each trans f eetion (about 20) were rescued and grown on 
plates in mm + 10% calf serum, collected using 0.05% 
trypsin, 0,02% EDTA and washed once with IX FES. Cells 

10 from four clones derived from the Cdil transfectien and 
four from the control transfeot ion were suspended in 
228fil of 30 jug/ml trypsin dissolved in 3.4mM citrate, 
0.1% MP4Q, i.SmM spermine end O.SmK S?ris, and incubated 
on a rotator for 10 minutes at room temperature, I88ul 

15 of O.Smg/ml of trypsin inhibitor and 0.1 mg/ml RHAse A 
was then added and the suspension was vortejsed. After 
adding 188^1 of 0.4 mqfml of propidium iodide and Xmg/ml 
spermine f the samples were incubated for 30 minutes at 
4*C. FACS analysis was carried oat as described above, 

£^|:yiSeptid#,,,,Bxpres§ion 

In general, polypeptides according to the 
invention may be produced toy transformation of a suitable 
host cell with all or part of a Cdil -encoding CDMA 

25 fragment (e.g., the ecHA described above) in a suitable 
expression vehicle. 

Those skilled in the field of molecular biology 
will understand that any of a wide variety of expression 
systems may be used to provide the recombinant protein., 

30 The precise host cell meed is not critical to the 

invention* The Cdil polypeptide may foe produced in a 
prokaryotic .host (e.g., M. coll) or in a eukaryotie host 
(e.g., saecharomyces cerevisl&e or mammalian cells, e..g» , 
COS 1, NIH 3T3, or Heha cells). Such cells are available 
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trcm a wide rang* of sources (e.g., the American Type 
Culture Collection, Rockland, HD; also, see, e.g. , 
Ausufeel et al,, Current protocols in Molecular -Biology , 
John Wiley & Sons, Hew York, 1989), The method of 
S transformation or transaction and the choice of 
expression vehicle will depend on the host system 
selected. Transformation and trans feet ion method© are 
described, e.g., in Ausubel et al. (Current Protocols in 
Molecular Biology t John Wiley & Sons, Hew York., 1989} ; 

10 expression vehicles ©ay be chosen from those provided, 
e.g. in Cloning Vectors i A Laboratory Manual (P.H, 
Fouwels et al., 1985, Supg. 1SS7). 

One preferred expression system is the mouse 3T3 
fibroblast host cell transf acted with a pmMnmo 

IS expression vector (Cloatech, Palo Alto, CA} . pKRMneo 

provides t an RSV-LTR enhancer linked to a dexamethasone- 
inducible mm~vm promoter, an SV40 origin of 
replication which alloy* replication in mammalian 
systems, a selectable neomycin gene, and SV40 splicing 

SO. and poXyadenylation sites. DH& encoding a Cdii 

polypeptide would be inserted into the pMAMneo vector in 
an orientation designed to allow expression. The 
recombinant cdii protein would be isolated as described 
below* Other preferable host cells which may foe used in 

25 conjunction with the pMMSneo expression vehicle include 
COS ceils and CHO cells {ATCC Accession Bos, CBL 1650 and 
CCX, 61, respectively) « 

Alternatively, a Cdii polypeptide is produced by a 
stafoly-transfected mammalian cell line. A mnsfoer of 

30 vectors suitable for stable transection of mammalian 
ceils are available to the public, e.g., see Pouwels et 
al. Cispra.) ? methods for constructing such ceil lines are 
also publicly available, e.g«, in Ausuhel et al, (supra) . 
in one example, cDHA encoding the cdii polypeptide is 

'IS cloned into an expression sector which includes the 
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aihydrofolate reductase (DHFR) gene. Integration of the 
piasmid and, therefore, the CdiX-encoding gene into the 
host ceil chromosome is selected for by inclusion of 
0.01-300 ,uH methotrexate in the cell culture medium (as 

selection can be accomplished in most cell types. 
Recombinant protein expression can be increased toy DHFR- 
mediated amplification of the transfected gene. Methods 
for selecting cell lines bearing gene amplifications are 

10 described in Ansuhel et al. f supra) t such methods 

generally involve extended culture in medium containing 
gradually increasing levels of methotrexate * 
BHFR-cofttaining expression vectors commonly used for this 
purpose include pCVSEIIHBHRF and pAdD26SV<A) (described 

IS in mmhel et al., M . Any of the host ceils 

described atoove or, preferably, a DHF3S~de£ icient CKO cell 
line (e.g., CHO DHFSTeelXs, ATCC Accession Ho. CRL 9096} 
are among the host ceils preferred for DHFR selection of 
a stably-fcransfected cell line or »HFH~mediated gene 

20 amplification. 

Once the recombinant Cdil protein is expressed, it 
is isolated, e.g., using affinity chromatography. In one 
example, an anti~C&iX antibody (e.g., produced as 
described herein) may toe attached to a column and used to 

25 isolate the Cdil polypeptide. Lysis and fractionation of 
CdiX-harboring cells prior to affinity chromatography may 
be performed toy standard methods (see, e.g., Ansubel et 
al., supra) . Alternatively,, a c&il fusion protein, for 
example, a edii-maitose binding protein, a cdix~|S~ 

3 0 galaotosidase, or a Cdil-trpB fusion protein, may be 

constructed and used for isolation of Cdil protein (see, 
e.g., Ausubel et aL, supra ; He* England Eiolabs, 
Beverly, MA). 

Once isolated, the recombinant protein can, if 

35 desired, toe further purified, e.g.., toy high performance 
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liquid chromatography fsee, e . g. , Fisher, Aahoratory 
rechniques In aiooresi.rtry And Holecuiar Biology, eds., 
Work and Burden, Elsevier, iSBOK 

Polypeptides of the invsntlon, particularly short 
5 call, fragments, can also be produced by chemical 

synthesis (e.g., by the methods described in Solid Pbxse 
peptide synthesis, 2nd «d,, 1984 The Pierce Chemical Co., 
Rock ford, XL) . 

These general techniques of polypeptide expression 

10 and purification can also be used to produce and isolate 
useful Cdil fragments or analogs (described below) , 
a™ j i -crHl. Antibodies 

Human Cdil (or immunogenic fragments or analogues) 
may be used to raise antibodies useful in the invention; 

IS such polypeptides may be produced by recombinant or 
peptide synthetic techniques (see, Solid Phas* 

Peptide gfnth&sis, §m&} pxaMbsl «t al., supra) , The 
peptides may be coupled to a carrier protein, such as KIM 
as described in Ausubel et al, sum.. KLH-peptide is 

20 ssixed with Preund's adjuvant and injected into guinea 
pigs, rats, or preferably rabbits. Antibodies may be 
purified fey peptide antigen affinity chromatography. 

Monoclonal antibodies may be prepared using the 
edit polypeptides described above and standard hybridoma 

25 technology (see, e.g., Kohler et aL f mture 251:495, 

1975? Kohler et al. , Mur* jr. Xxmtamol , isSil, 1S?S? Kohler 
et al,, Eur. J' Immunol. §t292 s 1975; Steamer ling et al., 
In Monoclonal Antibodies and T Cell Bybri<Somas, Elsevier, 
MY, 1981; Ausubel et al., supra). 

30 once produced, polyclonal or monoclonal antibodies 

are tested for specific Cdil recognition by Western blot 
or imraunopreci pi tat ion analysis (by the methods described 
in Aitsubel et al., supra;}* Antibodies which specifically 
recognize a Cdil polypeptide are considered to be useful 

35 in the invention; such antibodies may be used, e.g., in 
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5 The edii polypeptide of the invention has fceen 

shown to interact with a key regulator of busas cell 
division ana to inhibit the in vivo proliferation af 
yeast and hussan cells. Because of its role in the 
control of cell division, Cdil is an unusually good 

10 candidate for an anti-cancer therapeutic* Preferably, 
this therapeutic is delivered as a sense or antisense 
product, for example, fey expression from a retroviral 
vector delivered, for example,, to the none narrow. 
Treatment say he combined with wore traditional canoer 

IS therapies such as surgery, radiation, or other forms of 
chemotherapy « 

Alternatively, using the interaction trap system 
described herein, a large number of potential drugs m? 
he easily screened, e.g., in yeast, for those which 

20 increase or decrease the interaction between Cdil and 
Cdc2. Drugs which increase Cdc2:Cdil interaction Would 
increase reporter gene expression in the instant system, 
and conversely drugs which decrease CdoSsCdil interaction 
would decrease reporter gene expression. Such drugs are 

as then tested in animal models for efficacy and, if 
successful, may he used as anticancer therapeutics 
according to their normal dosage and route of 
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30 Cdil polypeptides may also find diagnostic use in 

the detection or monitoring of cancerous conditions. In 
particular, because Cdil is involved in the control of 
cell division, a change in the level of cdil production 
may indicate a malignant or pre-malignant condition. 



WO 94/1 0300 



PCT/US9.V1066* 



~ 48 ~ 

Levels of Cdii expression may be assayed by any standard 
technique. For example, its expression to a biological 
sample (e.g., a biopsy) may be monitored by standard 
Northern blot analysis or may be aided by FCH {see, e.g., 
5 Aus\ibel et al., supra ; PCJR Technology : Principles and 
^pplieatioas for MA A»j?2i.fic?eti©n, ed. , H.A. Ehrlieh, 
Stockton Proas, MY? ahd ¥ap and Kc>G«e, ir««2. Acl&s* 
13 i 4294, 1991}, These techniques are enabled by the 
provision of the Cdii sequence* 

10 Alternatively, immunoassays may be used to detect 

Cdii protein in a biological sample. Cdil-specif ic 
polyclonal, or preferably monoclonal, antibodies 
(produced as described above) may be used in any standard 
immunoassay format (e.g., ELISA, Western blot, or RXA 

is assay) to measure Cdii polypeptide levels? again 
comparison would be to wild type cdii levels, and a 
change in Cdii production would be indicative of a 
malignant or pre -malignant condition. Examples of 
immunoassays are described, e.g. , in Ausubel et al. , 

SO nua- Isasiunohistoehemieal techniques may also be 
utilised for Cdii detection. For example f a tissue 
sample may be obtained from a patient, and a section 
stained for the presence of Cdii using an anti-Cdii 
antibody and any standard detection system (e.g., one 

25 which includes a secondary antibody conjugated to 

horseradish peroxidase) . General guidance regarding such 
techniques can be found in, e.g., Bancroft and Stevens 
{theory and Practice of 'Histological Techniques, 
Church! 11 Livingstone, 1982) and Ausubel et al. (supra) - 

30 In one particular example, a diagnostic method may 

be targeted toward a determination of whether the Cdii 
gene of a mammal includes the E-tersdnsl PEST domain- 
encoding sequence. Because this sequence is very likely 
to stabilize the Cdii protein, its deletion may result in 
35 altered cellular levels of Cdii polypeptide and therefore 
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be indicative of a malignant or preoalignant condition. 
PEST delations way fee. identified either by standard 
nucleic acid or polypeptide snaly«e#« 

The Cdil polypeptide is also useful for 
5 identifying that compartment of a aasaaalian cell where, 
important cell division control functions occur, 
-antibodies specific- for Cdil may ..fee produced as described 
above. The normal subcellular location of the protein is 
then determined either in situ or using fractionated 
to cells by any standard immunological or 

immunohistochemicai procedure (see, e.g.,, Ausotoel et al» , 
susra? Bancroft and Stevens, .?he m ,,an^^^to^ 
MlB^mi^l....T^mimm f Churchill Livingstone, 1982) . 

The methods of the instant invention »«y to© mm 
15 to reduce or diagnose the disorders described herein in 
any mammal, for example, humans, domestic pats, or 
livestock. Where a non-hnssan mammal is treated, the Cdil 
polypeptide or the antibody employed is preferably 
specific for that species. 



In other embodiments, the invention include* any 
protein which is substantially homologous to human Cdil 
(Fig. 6, S£Q ID 8©? i); such hoxaologs include other 
substantially pure naturally occurring mammalian Cdil 

25 proteins as well as allelic variations; natural mutants,- 
induced mutants; proteins encoded by DBA that hybridises 
to the Cdil sequence of Fig. « under high stringency 
conditions or low stringency conditions (e.g., washing at 
ZX SSC at 40 6 C with a probe length of at least 40 

30 nucleotides); and polypeptides or proteins specifically 
hound by antisera directed, to a Cdil polypeptide, 
especially by antisera to the active site or to the Cdc2 
binding domain of Cdil, The term also Includes chimeric 
polypeptides that include a Cdil fragment. 
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The invention further includes analogs of any 
naturally occurring Cdil polypeptide. Analogs can differ 
fr©» tiie naturally occurring Cdil protein fcy amino acid 
sequence differences, by post-transiational 
5 modifications, or by both, Analogs of the invention will 
generally exhibit at least 70%, more preferably 80%, even 
wore- preferably 90%, and most preferably 95% or even 99%, 
homology with all or part of a naturally occurring Colli 
sequence. The length of comparison sequences will foe at 

10 least. 8 amino acid residues, preferably at least 24 aiai.no 
acid residues, and mere preferably wore than 35 amino 
acid residues v Modifications; include in vivo and in 
vitro chemical derivatiaiation of pol^eptides, e.g. , 
acetyiatian, carboxyiation, phosphorylation , or 

15 glycosylation; such modifications may occur during 
polypeptide synthesis or processing or following 
treatment with isolated modifying enssymes. Analogs can 
also differ from the naturally occurring Cdil polypeptide 
fey alterations in primary sequence. These include 

20 genetic variants, both natural and induced (for e&ample, 
resulting front random mutagenesis by irradiation or 
exposure to ethanemethylsulfate or by site-specific 
mutagenesis as described in Samforook, Fritsch and 
Maniatis, mMmMr...ci<mimi A...MfegxitgrxJMoaai (2d 

25 «dU}# CSH Press, 1989 f hereby incorporated by reference? 
or Ausubel ct al. f j^mLtei^iJ^ te ^r 
Biology > John Wiley & Sons, 1989, hereby incorporated by 
reference) . Also included are cyclised peptides 
molecules and analogs which contain residues other than 

30 L-araino acids, e.g., Diamine acids or non -naturally 
occurring or synthetic amino acids, e.g. , 0 or y amino 
acids. 

in addition to full-length polypeptides, the 
invention also includes Cdii polypeptide fragments . As 
3S used herein, the term, "fragment*', means at least 10 
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contiguous amino acids, preferably at least 30 contiguous 
amino acids, more preferably at least 50 contiguous amino 
acids, and most preferably at least SO to 80 or more 
contiguous amino acids, Fragments of Cd.il can fee. 
5 generated by methods known to those skilled in the art or 
may result from normal protein processing <e.g„ , removal 
of amino acids from the nascent polypeptide tbat are mot 
required for biological activity or removal of amino 
acids by alternative tsKK?\ splicing or alternative protein 

10 processing events} , 

Preferable fragments or analogs according to the 
invention are those which exhibit biological activity 
(for example, the ability to interfere with mammalian 
cell division as assayed herein) > Preferably, a cdii 

IS polypeptide, fragment, or analog exhibits at least 10%, 
more preferably 30%, and most preferably, 70% or Snore of 
the biological activity of a full length naturally 
occurring CdiX polypeptide. 
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OGC ACT GGT CTC SAC £JTG GGG CGG CCA GCG ATG GAG CCG CCS AGT TCA 48 

Glv Thr Civ Leu h»p Val Giy Arg Fro Aia M*t Six; Pro Pro Ser Ser 
I B ' 10 IS 

ATA CAA ASA ACT Saa TTT GAG TCA TCA GM GAS. GAG Off AST GAA GAT $6 
lie - X-«* Slu A«»p 

20 25 30 

GAA SAG ACT CCA ATT CAT ATA TC& TGG CCA TCT TCC TCA CCA GCG AAT 14 4 
Giu Gin Tat: ?ro lie His; He Ssr Trp Geo 5;-r I.kxs Ser Arg Vai As.n 

as 40 4s: 

TGT TCT CAG TTT CTC GGT TTA TCT < 
Cys Ssr Sift Fhe l*u Sly i»©« Cys 1 

SO SS »w 

6AT <m ASA ASA AAT GTC CAA AAA SAT ACA GAA GAS CTA MS ASS TGT 
Asp ml Ara Arc? Asft Val S.ln Lys Asp Thr Giu Giti X<G« Ays S&t Cys 
65 70 75 SO 

GST ATA SAS SAC ATA Wf <SS* TTC TCC ACC AGS CGG GAA CTG TCA AAA 
Giy lie Gin Asp lis The mi The Cys Thr Arg Giy GXu L<SU S»r Ayss 



ACC 

Thr His Hi« His *so lie Ala Asp Giy Giy Thr **o Asp He Ala S*jT 

TGC TGT GAA ATA ATG SAA SAG CTT ACA ACC TGC CTT ASS AAT TAC CSA 432 
Cvs - **g 

im 135 140 

AAA AOS TTA ATA SAC TGC TAT GGA GSA CTT GGG AGA TCT TGT CTT GTS 480 
Ays Thr Aeu lie His Cya Tyr Giy Giy X,e« Sly Arg Ser Cys I,e« Val 

GCT GGT TGT CTC CTA CTA TAC CTC TCT SAC ACA ATA TCA CCA GAG CAS. 528 
AI& Ala c : vj Ge« Pea Leu Tyr L&u Ser Asp TAr lie £er Pro GIw GlG 

165 i?o rn> 



Ala He AS'f> Ser Leu Arc? Asp Gau As A Giy Sar Giy Aia XX« Gin Thr 
180 " .1SS ISO 

ATC AAG CAA TAC AAT TAT CTT CAT GAG TTT CGG SAC AAA TTA GCT 8CA €24 

1 s ' ' foi "° " a Mv & '" 8 * a ^ 



213 220 
iTATATGACC ATG TCTGAAA TGTCA0TTCT CTAGC&TAAT ';2& 
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Lys J,ys lie &rg L©« Clu ser Oiw Gi« (51 u Gly V&i Fro S«r fhr &la 



U® &rg Oiu He ser L&u Leu x,ys G.lu x*u Arg His Pro Asn 11© Val 
S©r Leu Oln Asp Val teu M»t Sis Asp 
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Ket Ota &sn She atn Lys Val Olu X,y« Xlfc Sly Ola Sly Tyr Sly 
vat Val Tyr Lys Ala tog ton X.y* *to Oly *1» Val Val Ms l*u 
X, ys Lya IX© Arg 2,e« top Tkr Ola *to Oi« Gly Val Pro Ser Thr Ala 



lis tog 01« lis Sar X-*u Levf t$.» «31u X«eu ton 1 



lie Val 



Met Ser Gly Olu Ls» Ala ton Tyr T,yss tog X<au Ola X.ys Val Gly GX« 

Sly ?to Tyr Gly Val Val Tyr X>ys Ala r-sau Asp Leu tog too Gly Sin 

Gly Gift tog Val Val &la X4*v X*» X*« Lys Us tog Lea Slu S«r Ola 
35 40 *5 
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mt Glu asp *b» clu Lys lie Slu Ly« XX* aiy Gla Sly Tyr Sly 
i s 10 as 

VaX Val tyr tys Qly Mg A«n Arc? Las *hr Sly Gift Xi« Val to Itofc 

Xgw &ys XI© Arg Lea Slu Ser h«p Asp ©la Gly V»l Pro See Thr to 

35 40 45 

XXe &rg Olu XX® Ser XrftU J»ys Sla Leu Lys His SX» Am XI* V&l 
gs X,*u alu Asp V*l Leu Met slu ai« 
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! SET ; 















XS i 


JO! X3i 






Met 




Ste lis irfstu Asp 

S 






** »g 




Slu Lys 




slu 


sly 


Xfcr 


Tyjtr Gly tie Val 


m* 


■m 


Ala &rg 
2S 






Thr Sly 
30 


OXn 


Asp 


V*X. 


Ala Leu x.ys x,y» 


lie 


% 


GXu Leu 


siy 


45 


sl« Sly 


Val 


Pro 


SO 


Thr Ala XX® 




lie 


Ser x©« 




Lyss Asa 


Le« Lys 




Pro 




Val val ©in L«m 




Asp 


Val vai 




Sssr Sly 
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Met Pro Ly* Ar<? XX* Vsl Tyr K*n XI* Sar S«r Asp *he Ola X,«« 

ser fceu Leu SX| Gl« S-ly Ala Tyr 01 y v*i val cy* s*r Ala Xhr His 

tys Pre Thr sly civs Us Val M« H» i<y* ty» xie Giu too *ho Asg> 

1UV9 Mw Let* Fhe Ala teu Xisr fcteu Arg elu lie x,ys XX® x*a 2,y» 
50 S5 SO 

*5is She X,ys Hi© Sla Asxj lie Thr X.l* »| Asm XX* <51x? Arg Pro 

Asp mt p*« ai» A|« *h* 
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<*i> sswmx mscmw^tm m m Jto* is* 

&*» Lys Ma Tyr X*u Vat *h« Ol» JPh* tea His <Sln A«p Lea Lys Lys 
1 S 10 is 

y.h« Kefe Aat> Ala: Ser Ala tea ?hr Sly lie Pro Leu Pro Lay Xle hy& 
20 25 30 

Ssr Svr Leu P,h« Sin Leu Lssu Sift Giy I^u Ala Pro Cyst His S«s His 
' 3S 40 4$ 

?>>••■> Va 'i Leu His Arg Asp Leu Lvs Pro- Gin £sx> L«u II® ASH Thr 

" SO ' ' SS 60 

siw Glv Ala XI* Lys Ala Aap Sfe* Sly X>«u Ala &rg Ala *ha- Sly 

ss * ?o n so 



'IS' 



% Mat Sla Oiy XI* Pro Lys Asp Sin Pro Laa Sly Ala Asp XI© Val 
20 2S 30 

Lys Lyss pha mt Met Gin X.eu Cys Lys Sly Lis Ala Syr Ova His Ser 

„, «, n. «m *» «| X. «. «u *g »« «. n, *. 

X,ys Asp Sly A»n X»*« Lys Leu Sly Asp Pha-^Sly X»ew Ala arg Ala Pha 
Oiy Val Pro 
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Tfar Siy Gin Ola Ser oly M«t Star Sla Tyr Val Ala Thr Arc 

Ars Ala Fro Oiu V&l net L*« Thr Ser Ala Lys Tys? Ser Arg Ala 
20 U 30 

Asp Val Trg S«r Cys Sly Cy* 



m 4s 

Pro lis ?h® 5?sro Sly Arg Asp Sy* **S His Sin X*u 

50 SS 

©|| XXa Il« sly *hr Pro His Set *•» mn Asp t*« Arg Cys XX« ©X« 
S«r Fro Arg AX a Arg 61» *yr lis fcys S|r 



CD = 



*to ?xa X.y* Xrp ty| Pro Sly Ser l*a Ala Ssr His Ly* A*a X.su 
Asp QXu Asa Sly I4»a Asp X*u L«« Sej Ly* mt Leu lie *yr Asp Fro 
AX® Lys Ar| lis Ser Oly Lys Met Ala Asa His ?ro Tyr Foe Asa 
Asp X|| Asp Asn Sin XIs tya fcys mt 



<B) OTPS? axftii 
<») ■ 



SS0. SO SO- 28; 
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Amu Lys Ar« lie Sec Ma l-.ys A , & Ala Law Ala His Fro l<hs 
3S 40 45 

SO " " X 55 

(B) Tif&i sssirso acid 
pjj SOPOLOSys linear 
pti) Sg^WHCS &££C&X9£X$St» SSQ x» «o* 29 s 

Pfej **© ©*« Tip Ar| Arg ( y* «» || 8 « n s -' ? " 3 ** ^ 

- "* sra s » 118 »** * 118 IS w * L,D 116 T s a,p *■ 

VaX His m$ XI© S«r Ala Lys Asp lie Ola His Pro Tyr *fce A»» 

sly She Sin Sex* Sly X*ea Val Arg Asm 
SO 55 

<B> otpsj asalao ael<! 
<») SKWOMXsW linear 

Phe Pro Gin Trp Arg Arg Ays? Asp fceu S«r .*hr Gi« X»s» t-ys Ass. tew 
j 5 10 IS 

Mp Ala Asn Sly lie Asp X.»u XX* oin X,ys Met 3t«a SXe tyt Mp Pso 
Val His Arg lie Ser Ala X,ys Asp He X,e» ©X« Hie Fro Tyr Fha Asn 
Sly Phe Gla Ser Sly Leu Val Arg *«» 

ir 
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Am 





CAG 
Gin 





TAC CTG CGC S.CC GOS ; = C8 «TC GAA ATG COG GAT CtVG GCG 144 

<tyr C 1 * t >. v v s * 



ATT MC GTC CTC CCG GGC A?G ACG CCG AAA ACC XI 7 CTT CAC GCC GOG 192 
iiss Assr- V&I Vai Pro Gly Her "hr ?ro Lys TAr lis? .C<su His Aiss Giy 



CCG CCG ATC CAO CCT SAC TGC CT(5 AAA TV . AAT GGT TTT CAT GAA ATT J40 
*ro Pro lie Gin Pro hup Trp Lea Lys Ser A;sr> Giy PAe His Giw Xiss 
SS 70 « SO 

«M SCG GAT GTT AAC GAT ACC MsQ CTC TTO CTG AST GOA GAT SCC TCC 283 
s A S3 IUsx: Vhx Set- Le« Leu -Per Ciy Asp Ala Ssir 

8$ 90 95 

TAC CCT TAT SAT STG CCA SAT TAT SCC TCT CCC CAS TTC GGC CCA CTC 336 
Tvr ?i'o Tyr A».,o Vai Pro Asp Tyr Aix Ss;r Pro PAe Giy Arc; A®« 

100 3.05 210 

GAG AAC CTT A 345 

Ciu Lys S-eu 
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1, A method for ng % "ether a first 

protein is capable of physically interacting with a 
second protein, comprising? 

(a) providing a host call which contains 
5 (i) a reporter gene oporably linked to a 

protein bind ing site; 

(ii) a first fusion gens which expresses a 
first fusion protein, said first fusion protein 
comprising said first protein covalently bonded to a 
10 binding sioiety which is capable of specifically binding 
to said protein binding site? and 

<iii) a second fusion gene which expresses a 
second fusion protein, said second fusion protein 
comprising said second protein covalently bonded to a 
15 weak gene activating moiety? and 

(h) measuring expression of said reporter gene as 
a meas'ure of an interaction between said f irst and said 
second proteins. 



2. The method of claim 1, further comprising 
20 isolating the gene encoding said second protein. 

3. The method of claim I, wherein said weak gene 
activating moiety is of lesser activation potential than 
GAL4 activation region II* 

4. The method of claim 3, wherein said weak gene 
25 activating moiety is the B42 activation domain, 

5. The T&athod of claim 1, wherein said host cell 
is a yeast, cell. 

•6. The method of claim 1, wherein said reporter 
gene comprises the LEU2 gene or the lacS gene. 
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7, The method of elate i f vherein said host cell 
farther contains a second reporter gene operahly linked 
to said protein binding site, 

8. The method of siaii i, wherein said protein 
5 binding site is a LexA binding site and said binding 

moiety comprises a hexh ism binding domain, 

S. The method of claim 1, wherein said second 
protein is a protein involved in the control of 
eincaryotio cell division » 

10 10, The method of claim 9 f wherein said ceil 

division control protein is encoded by a C&C2 gene. 



11, A substantially pure preparation of Cdil 
polypeptide. 

12, The polypeptide of claim XI,. comprising an 
15 amino acid sequence substantially identical to the amino 

acid sequence shown in Figure c> (SEQ ID mt 1}\ 

13. Purified DNA comprising a sequence encoding a 
polypeptide of claims 11 or 12. 

14. The purified DHA of claim 13 , wherein said 
2 0 DMA is cDiSA, 



15. The purified DMA of clsiis 11, wherein said 
DHA encodes a human Cdil polypeptide. 

l€. A vector comprising the purified DNA of claim 

15. 
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17. A cell containing the purified UNA of claim 

15. 

IB. A method of prod»cii*gf a recombinant Cdil 
polypeptide comprising , 
5 providing a cell transformed with m& encoding a 

Cdil polypeptide positioned for expression in said cell? 

culturing said transformed cell under conditions 
for expressing said DKAj and 

isolating said recombinant Cdil polypeptid®> 

10 19, A purified antibody which binds specifically 

to a polypeptide of claims n or 12, 

20. h jaethod of detecting a malignant cell in a 
biological sample, said method comprising measuring Cdil 
gens expression in said sassple, a change in Cdil 
15 expression relative to a wild-type sample being 
indicative of the presence of said malignant cell. 
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